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The results of the OAST Space Technology Workshop which was | 
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held at Madison College, Harrisonburg, Virginia, August 3 - | 

15, 1975 are contained in the following reports: 1 
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VOL II SENSING AND DATA ACQUISITION f 

VOLIIl NAVIGATION, GUIDANCE, AND CONTROL A 

VOL IV POWER I 

VOLV PROPULSION [■ | 
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VOL VII MATERIALS | 
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VOL VIII THERMAL CONTROL 

VOL IX ENTRY 

VOL X BASIC RESEARCH 
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VOL XI LIFE SUPPORT I $ 
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Copies of these reports may be obtained by contacting: 

NASA - LANGLEY RESEARCH CENTER 
ATTN; 418/CHARLES I. TYNAN, JR. 

HAMPTON, VA. 23665 
COMMERCIAL TELEPHONE: 804/827-3666 
f-EDERAL TELECOMMUNICATIONS SYSTEM: 928-3666 
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SUMMARY 

The Sensing and Data Acquisition Working Group fallowed the basic guide- 
lines proposed by the OAST for identifying the mission and opportunity driven 
technology requirements and candidate space experiments# The major thrusts 


set out by the group were as follows: (1) provide a 10-fold increase in 

mission output through improved sensing accuracy, resolution, and spectral 
range by 1985, (2) reduce information system cost by 1 to 2 orders of mag- 
nitude through extensive integration of sensor and on-board processing 
technology by 1965, and (3) provide the capability for near real time, low 
cost, global surveys through multipurpose, all weather active/passive micro- 
wave systems by 1990# The relevance of these thrusts was demonstrated by 
identifying various payload experiments and through several examples of 
payload/major thrusts relationships# The payloads were the primary product 
of the workshop and were responsive to ”user” inputs as well as possible 
national space themes contained in the recently completed NASA study, Out- 
look for Space# It is suggested that the workshop results should be considered 
as the beginning of a process to relate advanced technology to potential 
shuttle pay loads# 




1 





1 ■’» 
/ ■■ 

X 


f 


i 

if 

> 


i 

.t 




INTRODUCTION 


This is the final report of the Sensing and Data Acquisition Working 
Group assembled under the auspices of the OAST Space Technology Workshop# 

The Sensing and Data Acquisition Working Group (SDAWG) met at Madison 
College, Harrisonburg, Virginia, August 4-15, 1975# 

The objective of the Workshop, as understood by the SDAWG, can be 
characterized ass (1) identification and selection of advanced technology 
requirements associated with sensing and data acquisition systems, (2) 
identification of advanced sensing system payloads which would benefit from 
the use of shuttle in demonstrating technology readiness, and (3) review 
and updating of a sensing and data acquisition technology development ”road 
map”# The approach taken by the SDAWG was to review and consolidate inputs, 
select key technology requirements, define space technology payloads, and 
review and update road map# Inputs were obtained from a number of sources 
such as Advanced Technology Requirements (all NASA centers). Inventory of 
Sensors (JPL), Outlook for Space Report, User Requirements (NASA HDQR5), 
Mission Models, and Shuttle Systems Information# 

The complete report is divided into two parts# The first part (Report 
I) covers the synthesis of payloads and associated advanced technology 
requirements# The advanced technology requirements of interest to users, but 
not associated with the specific payloads, are discussed in Report II# Each 
report starts with introductory comments and ends with concluding remarks# 
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MfiPRODUCIBlLiTY OF TU£ 
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SENSING & DATA ACQUISITION WORKING GROUP 
REPORT I 

SHUTTLE PAYLCADS AND RELATED 
ADVANCED TECHNOLOGY REQUIREMENTS 

- INDEX - 

SECTION A: GENERAL 

A-1 - Introduction 
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A-4 - User Reouirements - Payload Correlation 

SECTION B: ATMOSPHERIC SENSING PAYLCADS 

B-1 - Stratospheric Trace Gas Effects 

B-2 - Global Aerosols and Gases 

B-3 - Laser Remote Sensing of the Atmosphere 

B-4 - Earth Energy Budget and Solar- Irradiance Measurements 

B-5 - Multiwavelength Atmospheric Transmission 

SECTION C; EARTH RESOURCES SENSING PAYLOADS 

C-i. - Coastal Zone and L and Resource Management 
SECTION D: MICROWAVE SYSTEMS SENSING PAYLOADS 

D-1 - Advanced Microwave Radiometer Systems 

D-2 • Advanced Radar/Scetterometer Systems 

D*-3 - Advanced Meteorolog.' .el Radar 

SECTION Et TECHNOLOGY DEVELQPMENT/EVALUATION PAYLOADS 
E-1 <■ Large Deployable Microwave Antennas 

E>2 • Radar Calibration System 

E-3 - Submillimetar Wavelength Receivers 
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INDEX (cont’d.) 


E-4 - Earth Viewing IR Component Evaluation 

SECTION Fs ASTRONOMY/PLANETARY PAYLCAD5 

F-1 - Extreme Ultraviolet Astronomy 

F-2 ~ Infrared Astronomy/Column Density Monitor 

F-3 - Infrared Astronomy/Advanced Technology Radiometer 

SECTION G: CONCLUSIONS 
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SECTION A: GENERAL 


A-1 INTRODUCTION 

This part (Report I) of the total report covers the synthesis of payloads 
and associated advanced technology requirements defined by the Sessin^ c'nd Data 
Acquisition Working Group of the OAST Space Technology Workshop, payx is 

are the primary product of the workshop and are responsive to ”user” inputs 
(meaning the NASA program offices as users of OASf technology), as well ns 
possible national space themes contained in the recently completed NASA study, 
Outlook for Space # The advanced technology requirements of interest to the 
users, but not associated with the specific payloads defined in Report I, are 
discussed in Report II of the working group total report. 

In defining payloads within the context of ”user” inputs and the Outlook 
for Space themes, it became apparent that multiple concepts of payloads were 
needed* Some members of the working group saw payloads as a component level 
evaluation. Others saw payloads as a system level requirement, allowing the 
various components to interact# Still others saw payloads as an advanced 
system, functionally interacting with the real environment and performing 
useful measurements# The working group endorsed ell three concepts of payloads 
and, in doing so, recognized th^t NASA payloads were being defined, requiring 
a close partnership between OAST and the ”user** program offices# 

During the course of the workshop, all working groups were asked to define 
"major thrusts" which best described the significant goals the discipline should 
be driven towards# The major thrusts for the Sensing and Data Acquisition 
discipline are stated in section A-3 and evaluated in the Conclusions, Section G« 
The working group output is by no means an exh^Mstive treatment of the 
Sensing and Data Acquisition discipline. Further expansion of the payloads is 
also possible# However, the payloads selected are considered v:* represent an 
effective blend of ai'.ancBd technology thruste, most having multi-user iinpect# 


SENSING AND DATA ACQUISITION MAJOR THRUSTS 


!• Provide a 10 fold increase in mission output through improved sensing 
accuracy! resolution and spectral range by 1965« 

2m Reduce information system cost by 1 to 2 orders of maanitude through 

extensive integration of sensor and onboard processing technology by 1985* 

3m Provide the capability for near real time, low cost! global surveys 

through multipurpose! all weather active/passive microwave systems by 1990. 
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A-4 USER REQUIREKE^ - PAYLOAD CORRELATION 



Index of 

Usor Requirements: Sensing and Data Acquisition 




Pavload Index 

User 


Reauirement 

Number 

Office 

1. 

Lasers, High power, space qualified, 
5-10 year lifetime 

B-3 

of 

2* 

Sensor platforms, grr nd-based, for 



Appli- 


position location 


ca- 

3, 

Accelerometers, space qualified, 
increased accuracy, gravity 

— 

tions 





4. 

Microwave measurement technology 

D-1, D-2, D-3 



requirement 

E-2 


5. 

Air temperature sensor 

B-4, D-1, D-3 


6. 

Ocean surface evaporation rate 
monitor 

B-4, D-1, D-3 


7. 

Ocean current at-depth measuring 
device 

— 


8. 

Sub-ocean topography sensor 

— 

- 

9. 

Earth gravity field measuring device 

— 


10. 

Continental location device (inter- 
ferometry) 

— 


11. 

Microwave sensors calibration 

E-2 


12. 

Soil moisture profile measurement 
devics 

D-1 


13. 

CCD imager-multi-spectral Earth 
observation 

C-1 



CCD data processor for Radar 

D-2 


15. 

Tornado detector-microwave 

0-2 


16. 

Rainfall, piecipitation microwave 
measurement 

D-3 


17. 

Transmission/Absorption Atmospheric 

B-3, E-2 



properties monitor 



I 

1 

» 

i 


i 

I, 

1 
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User 


Requirement 


Pavload Index 
Number 


18* Lasers/lidars*near ground pollution 

19. Atmospheric contaminants monitor 

20. Spectrometer/Interferometer-Atmos- 
pheric pollution 

21 • Water pollution Lidar System 
22 « Cryo coolers 

23. Low-cost optical elements 

24. Detectors with response matched to 
molecular lines 


B-3 


B-1, B-2, B-3 


B-3 


C-1 


B-3, C-1 


B-3 


25. Atmospheric/Earth probes 


B-1, B-3, C-1, 
D-2, D-3 
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Index of User Requirements: Sensing and Data Acquisition 


User 

Office 

of 

Space 

Sciences 


Requirement 

i. 25-29th magnuitude star observer 

2* U. V« sensors for astronomy 

3* 1«0” x-ray imager 

4« mass position, seperation detector 

5« solar flux detector 

6« mm* and submm* microwave detectors 

7* I* R« sensors 

8* I* R* heterodyne Spectrometer 
9* Laser ranger, sounder, detectors 
10* cryogenic coolers 

11* Asteroid sampler, analyser, in-sit u 

12* Comet gas, dust, collector 

13* Mars surface sampler 

14« Venus camera 

15* Chemical analyzer, in-situ 

16. Age detector, in-situ 

17* Launch vehicle system/component commonality 

18. Geochemical analyzer, in-situ 

19* Seismic, heat flow, chemical sensors/lunar 

20. X-ray, x-ray spectrometer 

21 • radar altimeter, lunar 

22. Laser altimeter 

23* Laser ranger, earth to moon 


Payload Index 
Number 


C-1, F-1 


B-4 


D-1 


B-5, C-1, F-3, 
B-1, B-3 

B-1, B-3 

B-1, B-3 

B-3, C-1, F-3 
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Index of User Requirements 


Sensing and Data Acquisition 


User 

Office 

of 

Manned 

Space 

Flight 


Payload Index 

Requirement Number 

!• Gas analyzer-cabin 

2. Laser radar-docking — 

3« Meteroid impact detector 

4* Atmospheric leak detector — 

5* Rapid turn-around reuasable vehicle monitor — 


SECTION B: ATMOSPHERIC SENSING PAYLOADS 


B-l STRATOSPHERIC TRACE GAS EFFECTS 


Application 

This payload experiment addresses problems that fall under the Outlook 
for Space theme Prediction and Protection of the Environment which deals with 
Stratospheric Changes and Effects # The payload will consist of advanced 
technology remote sensing systems employing limb scanning infrared radiometers, 
gas correlation filters and high resolution spectrometers# These systems will 
be designed to detect and measure the vertical distribution of trace gas 
constituents and vertical temperature profiles in the stratosphere# The trace 
gases of primary importance in this region of the atmosphere are ozone, CQ2, 
and those gases which interact with them, e# g#, oxides of nitrogen (ND^^), water 
vapor, and halogen compounds (CCI4, CH3CI, etc.) Next in importance is a group 
of pollutants such as SO2, NH3, CH4, and HNQ3# Global measurements of these 
trace gases and vertical temperature profiles are needed to develop a fuller 
understanding of the effects of man and nature on (l) the dynamics of 
stratospheric ozone layer which shields us from harmful ultraviolet radiation 
and (2) the heat balance of the earth’s atmosphere and its influence on world 
climate. Data from this and subsequent experiments will provide the essential 
input data needed to develop theoretical models of the atmosphere which will 
achieve this understanding. In addition, this experiment will provide space 
flignt demonstration of these advanced technology sensing systems. 

Payload Description 

This payload will consist of a group of advanced technology remote 
sensing instruments. Each instrument will be tailored to maximize its 
sensitivity to a single gas or particular group of trace gases. The most 
attractive instrument concepts considered for this payload fall into two 


12 


classes of limb measurements. The first of these involved limb scanning 
instruments which mav employ either gas or spectral filters to select and 
measure the thermal radiance of trace gas emission bands in the infrared. 

Once these thermal radiance data are obtained a sophisticated theoretical 
model is used to mathematically invert the data to obtain trace gas concen- 
tration and temperature profiles in the stratosphere. Instruments of this 
type have been tested on balloon flights and are now under development to 
measure O3, H2O, ^^ 2 * ^^^3 concentrations and temperature profiles in the 
stratosphere. The second class of instruments involves a solar limb atten- 
uation measurement which uses either gas or spectral filters to select and 
measure the infrared or ultraviolet absorption bands of trace gas species of 
interest, A gas-filter correlation instrument of this latter class is being 
analyzed for HCl and CH4 measurements with a possible extension to **Freons” 
and HF, 

Technology Requirements 

The technology requirements for this payload include development of 
infrared detectors, non-radiative type coolers (<100 °K), high spectral and 
selectivity elements, gas filters, systems analyses and atmospheric modeling 
and ground truth sensing techniques. 

Associated Mission Model 

This payload supports the Outlook for Space system #2022 Stratospheric 
Monitoring System Development, 

An improved limb viewing IR radiometer should be ready for a 1931 launch. 
This advanced technology demonstration flight would be in direct support of the 
Outlook for Space system #2022, ^Stratospheric Monitoring System-Development’’, 


scheduled for launch in 1985 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLEL Improved Limb 

Viewing IR Radiometer 

2 . TECHNOLOGY CATEGORY: Remote Sensing of Stratospheric Gases 


PAGE 1 OF 3 


3. OBJECTIVE /ADVANCEMENT REQTITREDr Higher Radiometric Sensitivity and 

Longer Mission Lifetime Stability 

Less Complex Scanning Mechanism 

4. CURRENT STATE OF ART: Radiometric Sensitivity 70?6 required; 


Radiometric Stability and Inflight Calibration Accuracy half of desired; 

Lifetime 30-50% of that desired (2 yrs» desired CARRIED TO LEVEL 


5. DESC RIRTiON OF TECHNOLOGY This application requires a radiometer with 
narrow IFOVs (.25 to l.Omr) capable of measuring the horizon radiance profile in 
selected IR spectral intervals from 5 to 20 m simultaneously with noise equivalent 
radiances (NENs) of 0.5 to 3.0x10“^ w-m”^ -ster"^. The radiorlieter must scan the 
IFDVs across the horizon and obtain data from 4 to 80 km*s tangent height, as a 
minimum; or may utilize detector arrays which sample the horizon profile to the re 
quired vertical resoOution and spacing. The radiometric sensitivity must also be 
keyed to high measurement accuracy, e.g. 0.1?5 precision, accuracy, and ground 
equipment and procedures, sensor design, and inflight calibration techniques and 
mechanisms require further development to achieve this accuracy for long duration 
missions. Azimuth pointing capability is required to sample the atmosphere be- 
tween orbital tracks. Geographical sampling is required at 400 to 600 km inter- 
vals (both latitude and longitude) whereas, typical orbital track separations are 
2700 to 3200 km longitudinally. Present designs for such radiometers require fur- 
ther development and tests to assure achieving required performance goals. Alter- 
nate design concepts for these sensors also need to be explored, i.e. ”staring” 
sensor using detector p/L REQUIREMENTS BASED ON: PRE-A.PI A,C3 B,CI C/D 

a 


3^ay,5 logic,' StCT,"“l(l urUUi tu eUoludLtJ buiibur UeSsiyii 

TT RATIONALE AND ANALYSISrapproaches for ultimate use in long term surveys. 

Present systems designs for radiometers of required type are active scanners 
which require detectors cooled to 65K to 80K. More stable elevation scan system^ 
and improved detectivities, and long duration coolers are required. 

Testing of current systems has not been sufficient to explore the long term 
accuracy limitations of current designs. 

Future monitoring needs for a given constituent, or photochemistry problem, can 
best be met by a single sensor sampling globally and over sufficient duration 
to determine variations. 


TO BE CARRIED TO LEVEL _ 
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DEFmmON OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENTmTLEk Improve 
Radiometer 

7. TECHNOLOGY OPTIONS: 


Viewing IR PAGE 2 OF ^ 


8. TECHNICAL PROBLEMS: 

Multi-channel inflight calibration techniques which match calibration levels 
to flight data ranges and having required accuracy. 

Higher sensitivity detectors for the 5-20 jim spectr jl range# 

Long-life detector coolers with reasonable weight and/or power requirements# 
Improved spectral filtering# 

Improved out-of-field energy rejection. 

9. POTENTIAL ALTERNATIVES; 

Develop multi-constituent sensors for simultaneous measurement of related 
parameters using spectroscopic, interferometric, or laser approaches for 
measurement in solar occultation mode# 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTQP 176-10-31 has a low level of funding to support some studies relating 
to improvements of existing AAFE-LACATE sensor design (active scanning, 
azimuth pointing filter radiometer)# 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

As discussed herein# 

Improved spacecraft attitude rate measurement subsystems for correction of 
data for spacecraft motion during data taking# 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE)! Improx/pH Limh-. 
IR Radiometer _ _ ^ 


PAGE 3 OF 3 



12 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
A, Existing Design 
1* Component 5RT 

2. Improved Design 

3. EM development 

New Design Approaches 
!• Analysis 8. Tradeoffs 

2, Design 

3. EM developmeri t 

APPLICATION 

• Preliminary Strcntos- 
pheric survey-'existin 
design 

2. Flieht test new desig 
3 • Stratospheric Survey 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



14. REFERENCES: 


LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND RErORTED. 

2. THEORY K>UMULATED TO DESCRIBE PHENOMENA. 

3. theory tested by physical experiment 

OR MATHEMATICAL MODE!,, 

4 . PERTINENT FUNCTION OR CHAHAiTERlSTIC DEMONSTRATED. 

E.C., MATERIAL, COVPONKNT, ETC. 


$, COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

«. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T, MODEL TESTED IN SPACE ENMRONMENT. 

S. NEW CAPAmLlTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

I. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. UFBTIME EXTENSION OF AN OrURATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Stratospheric Reaearch PAGE 1 OF 4_ 
(Gases) 

22 . TECHNOLOGY CATEGORY: Remote Sensing from Satellites 

3. OBJECTIVE/ ADVANCEMENT REOTITRF.D; Increased sensitivity detectors, 

very high resolution instrument techniquBs. advanced airborne detector cooling 
system technology, 

4. CURRENT STATE OF ART: Present IR detectors provide a figure of merit 

(D^) in the range> Instrumentation for satellite global monitoring 

is capable ctn**^ spectral resolution# HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY (tont*d.) 

The sensitivity needed to study the gases of importance in future strato- 
spheric research will require a one to two order of magnitude improvement 
in detector 0 . Also, the spectral resolution capability for an operational 
monitoring instrument (in the infrared) will need to be increased by about 
one order of magnitude to Q.Ql cm*~ • Long lifetime detector cooling systems 
are required (2-3 years) with operating temperature capability in the range 
30K or less* The most hopeful approach to meeting these cooling needs is 
the use of a closed cycle system such as the Vuilleumier (VM) cooler* A 
goal should be an operating power of no more than 60 watts* 


P/L REQUIREMENTS BASED ON: Q PR E-A.P A,0 B,Q C/D 

6 . RATIONALE AND ANALYSIS: 

Present systems for remote measurement of stratospheric parameters from 
satellites have been designed to measure tho more obvious, less difficult 
trace gases (e*g*, O 3 , H 2 O, CH^, N 2 O, NO 2 , NO, HNO 3 , and CO)* However, 
as our knowledge of the stratosphere advances, there will be a need to 
measure some of the more subtle, but very important stratospheric gases* 

Some of these gases which are involved in the ozone depletion problem 
include Oh, HCL, HF, HBj, Cl, CIO, CF^, CLy, (Freons), HOg, Bro, CHgBr, 

CCI 4 , 08301 * Others which are important from the standpoint of 
radiation balance and aerosol-gas chemistry include SO 2 and NH 3 * All of 
these gasee have concentrations in the parts per trillion range and most 
of them have not been observed in the stratosphere primarily because of 
limitations on instrumental sensitivity end spectral resolution* It may 
be necesBsry to cool not only the detectors, but also the instrument 
Oip-Hc? in order to achieve the desired sensitivity* Monitoring instruments 
for operational use are needed to meoeure long-term trends in these 
€enstituents* 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 •nrp.HMni.nav REOmREMENTmTLEl: Stratosoheric Research 

PAGE 2 OF i. 

(Gases) 

7. TECHNOLOGY OPTIONS: 


None* 



8. TECHNICAL PROBLEMS: 


It may not be feasible in the near future to construct a long lifetime 
cooling system which would operate at the desired temperatures and power 
levels, especially if optics must also be cooled* 


9. POTENTIAL ALTERNATIVES: 


None* 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXIGY ADVANCEMENT: 

Various programs are presently underway to measure stratospheric trace 
gases both in the limb emission and occultation modes* These include the 
Nimbus G SAMS and LIMS and the Atmospheric Explorer SAGE* In addition, 
improved LACATE and SAMS programs are in progress* These concepts could 
be extended and the efforts focused on achieving the desired technology 

edvances. (cont» d. ) EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS; 

None# 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TECHNOLOGY RFOIIIREM ENT ITITLEL 

PAGE 3 OF 




12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . 




APPLICATION 

1. Design (Ph, C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 

4. 


i;]. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




LEVEL OF STATE OF ART 


1. BASIC PHCNOMUNA ODSERVkID AND RCrORTED. 

2. THEORY CUMULATED TO DESCRIBE PliCKOMENA. 

S, TMEOnv rKSlTD BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODE!., 

4. ERTfNENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 
E.C., MATEIUAL. COMPONENT, ETC. 


I. COMPO^;» NT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

A. MODEL TESTED IN AiRCRAPT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPAmLtTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

S. REUABILITY UPCRADINC OF AN OPERATIC^NAL MODEL. 
IS, UFETIMC EXTENSION OF AN OrCRATlONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT <TTTIF.) : Stratospheric Research PAGE ^ OF 
(Gases 


CURRENT STATE OF ART: (cont'*. 


a.id jooling is achieved pr?!*3er y use of solid cxyogen technology c 5 -K 
operation. Refrigerator >,>,• ‘ : jre under development but present approaches 

create bezvy power leader 

10. PLANNED PROGRAMS OR iNPERTURBED TECHNOLOGY ADVANCEMENT: (cont»d.) 

Also I various interferoneler and spectrometer techniques have been used from 
balloons and eircraft. These approaches could be optimized for a specific 
gas or set of gases in designing a monitoring instrument. In the cooler 
area, various military and NASA programs are underway to advance the tech- 
nology. These efforts will serve as base points in building future tech- 
nology. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): Infrared Detectora f or PAGE 1 OF 4 

Remote Senainiy ' 

2. TECHNOLOGY CATEGORY; Sensing and Data Acquislticn 

3. OBJECTIVE/ ADVANCEMENT REQUIRED? Optimize detectivity« reaponae tima 
and operating teriioerature 


4. CURRENT STATE OF ART; In the 1-14 micrometara range. II-VI and III- ** 
semiconductor detectors have detectivities above 10^^ em-Hz'^-watt' but 
require cooling to 80°K. (See page 4J HAS BEEN CARRIED TO LEVEL 


5 . DESC RIl »TION OF TEC HNOLOGY 

The III-V and II-VI semicrjnductor detectors are available in photoconductive 
devices or photovoltaic devices. From 1-5 micrometers, binary compounds will 
suffice. Above 5 micrometers, the peak response as a function of wavslangt.') 
can be varied in a II-VI ternary compound (for example, Hgj^ 

®"l-x changing the ratios of the group II constituents, 

A pyroelectric detector consists of a slab of pyroelectric material h-ving 
two opposite face areas coated with conductive layers to form a capacitor, 

A change in temperature generates a signal current proportional to the pyro- 
electric coefficient. To optimize the signal, a material should possess a 
low heat capacity, low dielectric constant, and Ia;?ge pyroelectric coeffi- 
cient, Since the signal current is proportional to the rate-of-change of the 
temperature, this detector is more attx ictive than other types of uncooled 
thermal detectors for higher frequency applications, 

P/L REQUIREMENTS BASED ON; Q PRE-A.Q A,Q B,D C/D 


6. rationale AND ANALYSIS; 


These devices are used for remote sensing in 'larth resources missions, 
environmental pollution monitoring, and thermal mapping. 


TO BE CARRIED TO LEVEL 6 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TECHNOLOGY REOUIREMENTfTITLE^: Infrared Detectors for 

PAGE 2 OF 

Remote Sansino — ■■■i. 


7. TECHNOLOGY OPTIONS: 


The detentivity of the II-VI ternary compounds can be increased to the point 
where it is practical to operate these devices at higher temperatures than 
00 K. The detactivity of the nyroelectric can be increased to'^IO^^ cm-Hg^- 
watt“^« 


8. TECHNICAL PROBLEMS: 

!• Control of homogeneity in III-V and II-VI materials restricts array con- 
struction. 

2. Poor reproducibility of detector parameters in III-V and II-VI materials. 

3. Relatively low operating temperature ( '''80°K) in the II-VI ternary mater- 
ials. 

4. Relatively low detectivity in pyroelectric detectors, (cont. on page 4) 

9. POTENTIAL ALTERNATIVES: 

If temperatures on the order of 35°K can be achieved for the desired mission, 
it is suggested that doped silicon detectors be employed because of their 
higher detectivity in the wavelength range greater than 5 micrometers. In 
addition, the detector preamplifier can be directly incorporated with the 
device. 


10 planned programs or UNPERTURBED TECHNOLOGY ADVANCEMENT; 

RTQP #506-18-21, "Electronic Devices and Components," contains, elements 
bearing on this technology, such as an indium antimonide CCD sensor and 
pyroelectric detector materials investigations. 

EXPECTED UNPERTURBED LEVEL _8 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Advancement in preamplifier performance technology; improved material growt!< 
technology; small volume, low power cooling systems. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1. TECHNOLOGY REQUIREMENT (TTTT.F.)- Inframri Dpt.RrtQrs fnr- PAGE 3 OF 

Remote Sensing _ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

00 

89 

90 

91 



TECHNOLOGY 

PYROELECTRIC DETECTORS: 
!• Elec. Component Des. 

2. Component Development 

3. Array or CCD Hybrid 
Fabrication 

4. Space Checkout 

III-V &II-VI COMPOUNDS 
DETECTORS: 

, — 



— 


















!♦ Materials Growth 

2. Detector Fabrication 

3. Analysis 

1 

1 


— 

— 


i 









1 




4. Ground Checkout 

5. Space Checkout 

i 




13. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 

















TOTAL 
— 1 

NUMBER OF LAUNCHES 











MM 





■MM 

- 

u 



14. REFERENCES: 


1. "Infrared Technology for Remote Sensing," Special Issue, Proceedings of the 
IEEE. No* (1975). 


15. LEVEL OF STATE OF ART 

1 . SASIC PHKNOMeNA OnSERVCD AND RErOSTED. 
t. TtlEORY »X>I{MVLATCD TO DESCRIBE PHENOMENA. 

S. THEORY TE81-ED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.O., MATERIAL, COMPONENT, ETC. 


S. COMPOKFNT OR BREADBOARD TESTED IN RELEVANT 
SHVIROHMENT IN THE LABORATORY. 

S. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPAULITY DERIVED FROM A MUCH U8SER 
OPERATIONAL MODEL. 

B. RELIABILITY UPQRADINC OP AN OPERATR>NAL MODEL. 
IB. LIFETIME EXTENSION OP AN OI‘ERATION.\L MODEL. 
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DEFlNmON OF TECHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REQUIREMENT fTiTLE): Infrared Detectors for 
Remote Sensing 

PAGE 4oF^ 


4. CURRENT STATE OF ART: (cont'd.) 

Over the wavelength range 1-20 micrometers, pyroelectric detectors have a 

relatively low detectivity (0**5 x 10^ cm-Hg** -watf^) but require little 
or no cooling. 

8. TECHNICAL PROBLEMS: (cont'd.) 

5. Relatively long response times In pyroelectric detectors which 
restricts their practical operating frequency. 

6. Pyroelectric detectors highly sensitive to vibrations. 


2 * 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE); 





2 . TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Design and develop infrared bindpass 




1 . e?}fiBfi«'§9?Pf£‘torART: 




HAS BEEN CARRIED TO LEVEL 2_ 


5. DESCRIPTION OF TECHNOLOGY 

Ultra-narrow band filter requirements for atmospheric absorption experiments; 
Wavelength range: 5 y to 20 y (2000 cm"*^ to 500 cm““^l 

Full width, half max# range: 3 X 10“^ y to 1 X 10*‘^y (0#12 cm“^ tp# 0#024 

Transmission: 0#50 

Optical ray cone angle: 2° 

Opera tin g temp : B0°K 

By tilting the filter, limited wavelength tuning can be accomplished to scan 

t^veia spectral ON: □ PRE-A.Q A,D B.Q C/D 


() . RATK )NALE AND ANALYSIS: 

1# Filters to be incorporated into a differential absorption spectroradio- 
meter to measure atmosoheric gas composition and pollutants# 

2# Global coverage of the Earth environment from air-5at or Shuttle# 

\ 

3.. Provides greater spectral specificity and detection capability over 
present broadband filters used in LRIR or proposed LACATE sensors. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1. TECHNOLOGY REQUIREMENT(IITLE): PAGE 2 OF _3 


7. TECHNOLOGY OPTIONS; 

IR Laser tuning techniques may accomplish same measurements in differential 
absorption spectrometry* 


8. TECHNICAL PROBLEMS: 

IR Material selections, design for specific wavelength filters, wavelength 
shifts with filter temperature change, integration of filter and detector into 
compatible sensing subsystem* 


9. POTEiNTlAL ALTERNATIVES: 

Useful as a blocking filter in laser tuning differential absorption spectromet- 
ry. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

None 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Requires use with Isxge dietneter collecting optics (l meter) end cooled 
detector filter subsystem. 


MPKODUCIBILITY OP IHB 
ORIOtNAL PAGE IS POOR 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1 TECHNOLOGY REQUIREMENT ITITLEI: _ PAGE 3 OF _3_ 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

1 

87 

00 

00 

89 

90 

91 



TECHNOLOGY 
1* Analyses 

2. Design 

3. Fabrication 

4. Ground Task 

5* Space Checkout 


— 

— 

- 
















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 




J 


- 

— 

















13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 







A 










1 

’OTAL 

NUMBER OF LAUNCHES 



















14. REFERENCES: 
Ultra-narrow band in 

15. LEVEL OF STATE OJ 

U BASIC PHENOMENA OBSERVED / 
a. THEORY FOKMULATED TO DESC 

3, THEORY TESTED DY PHYSICAL 

OR MATHEMATICAL MODEL, 

4. PERTINENT KLNCTION OR CIlAf 

E,G.. MATERIAL, COMPO.NE^ 

terference filter - AAFE Proposal Summer 1 975 

art *• COMVON’rNT OR BREADBOARD TESTED IK RELEVANT 

BNVIMONMENT IK THE LARORATORY. 

UNO REPORTED. S, MODEL TESTED IK AlRCRAfT ENVIRONMF.NT. 

RISE PHENOMENA. f, MODEL TESTED IN SPACE ENVIRONMENT. 

EXPERIMENT 1, new CAPAmLITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

lACTERlSTIC DEMONSTRATED, 1, REUARLITY UPGRADINC OF AN OPERATIONAL MODEL. 

!T, ETC. to. UFBTIME EXTENSION OF AN OPLRATION.M. MODEL. 


27 



DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TF^HN^^M Technploc 


PAGE 1 OF ^ 



suitable cryogen ic temperatures for required AS BEEN CARRIED TO LEVEL __ _ 

5. DESCRIPTION OF TECHNOLOGY 


Multi-layer AR and Filter Coatings have been used for several years in IR 
sensor systems* The system spectral response (particularly out-of-band) in 
operation has often not been that predicted based on the design and 
individual component measurements* The systems to-date have usually not 
been adequately evaluated after prolonged exposure to cryogenic temperatures 
or space and the long-term stability under such conditions* Nor have such 
coatings been used in proximity with gaseous constituents unless they were 
known to be inert* Present IR coating materials must be evaluated under 
realistic use conditions for stability over durations of six months to 
three years* 


P/L REQUIREMENTS BASED ON; □ PRE-A*P A,D B.D C/D 
6. RATIONALE AND ANALYSIS: 

Multi-layer anti-reflectance coatings are needed in all electro-optical 
sensors* 

Background blocking filters are required in all narrow-band electro- 
optical sensors. 

Trace constituent measurements will require maximum sensitivity achievable 
and therefore require coatings used at cryogenic temperatures (30K to 150K)* 

Trace constituent measurements will require maximum spectral discrimination 
thus requiring coating of elements in proximity with "active" gases* 


TO BE CARRIED TO LEVEL 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENTITITLEI : Improved Technology and PAGE 2 OF ji_ 
Materials for Interference Filters and Anti-Reflection Coatinas 



8. TECHNICAL PROBLEMS; 

Expected chemical/thermal reactions which destroy or change characteristics 
of "tuned” coatings in use. Development of new coating materials/techniques 
to improve performance. Spectral performance in "fast" (F/1) optical systems. 

9. POTENTIAL ALTERNATIVES: 

Operate at less than optimum sensitivity without blocking filters to reduce 
background. 

Operate at less than optimum sensitivity without MLAR to increase throughtput. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXDGY ADVANCEMENT: 

Limited experiments with available coatings to be performed under low 
priority/f unding SRT activities for short term use and limited consituents. 

EXPECTED UNPERTURBED LEVEL __ 

11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) ; Improved Technoloc 
and Materials for Interference Filters and Anti-Refle 


12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Materials Evaluation 

2. New Materials Devel- 
opment 

3. 


PAGE 3 OF 3 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




LEVEL OF STATE OF ART 

I, BASIC PHENOMENA OnSERVED AND REPORTED. 

THEORY JX)UMULATED TO DESCRIBE PHENOMENA. 

3. IHEORY TKS1T.D BY PHYSICAL EXPERIMENT 

OR iNUTIIEMATlCAL MODE!.. 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E,C., MA TERIAL, COMPCNENT, ETC, 


8. COMPCH4FNT OR BREADBOARD TESTED IN RELEVANT 
EMVtHONMENT IN THE URORATORY. 

8, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

S. NEW CAPABILITY DERIVED FROM A MUCH LESUIR 
OPERATIONAL MODEL. 

8 , REUABtLITY UPGRADING 0F AN OPERATIONAL MODEL, 
to. UFRTlMfi EXTENSION OP AN OPLRATtOHAL MODEL. 













B -2 GLOBAL AEROSOLS AND GASES EXPERIMENT 


Application 

The studv and analysis of the effect of particulates in the atmosphere 
has led to serious consideration of their long range effects on the global 
radiation heat budget and the corresponding impact on global circulation and 
climate* The particulates are of natural origin (such as dust stormsi forest 
fires, volcanic eruptions, water droplets, micro-meteorites) or are man-made 
pollutants (such as produced by automobile exhausts, industrial smoke, waste 
burning, etc*)* These particulates, which are injected into the atmosphere 
by upwelling air currents, volcanic eruptions, and normal atmospheric chem- 
istry (gas-to-particle generation) or by the micro-meteorites trapped in the 
atmosphere, have a marked effect on the amount of radiation not only reaching 
the ground, but the amount of heating in the atmosphere caused by their 
absorption of radiation* As man makes more and more of an impact on his 
environment due to the rapidly developing technology, it becomes increasingly 
imperative to study the background level of these particles to monitor how 
man is changing or affecting the balance in the atmosphere, and what effects 
these aerosols will have on such things as climate, solar radiation dosage, 
man*s health, food production, etc* 

Payload Description 

The measurement of aerosols should include their physical and chemical 
characteristics and their spatial (particularly vertical) distribution* 
Consideration should also be given to transport mechanisms on a global basis* 
The measurement must be app:''08ched with various experimental and analytical 
techniques in order to obtain a more complete picture of what is occuring in 
the atmosphere* Several techniques are proposed as a Shuttle payload* All 
techniques are passive, but would be complemented by the active laser ay sterna 
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discussed elsewhere within this report. 

The passi\/e probing systems considered here are based on the measurement 
□f attenuation of direct solar radiation (the "attenuation** system), of the 
angular distribution of the intensity (the limb-scattering system) or the 
polarization (the polarimetry system) of solar radiation scattered by the 
atmosphere. 

Camera photography and photoelectric detectors are the prescribed 
recording devices in this connection. 

The rationale for considering these systems for a Shuttle payload is 
described below. 

1. ATTENUATION SYSTEM 
Payload Description 

A system is desired which will monitor the extinction of sunlight as a 
function of solar elevation to measure the aerosol burden in the atmosphere. 
This system would operate in the attenuation mode at spacecraft sunrise and 
sunset to obtain vertical profiles of stratospheric aerosols and by use of 
multi-wavelength coverage (5 to 6 channels in the 9.38Pm to 2.0 ym range) 
obtain information to characterize their size distribution. The use of 
infrared detectors in a photometer of this type could also be made to sense 
gaseous constituents in the upper atmosphere over the long path integration 
afforded by occultation. Measurements of H 2 O, CH^, 0^ and others in absorption 
could then be made. Studies would then proceed related to gas-to-particle 
conversion in the atmosphere involving gases such as HNO 3 , H 25 O 4 end 03 . The 
need for development of pyroelectric detectors and pin silicon photodiode 
detectors whose response is unaffected by temperature changes is manifest. 

This measurement technique is limited in its coverage because of the sunrise- 
sunset mode of operation, however* 


ItfiPBCltDUClBILITY OF THS 
ORISINMi PAGS IS POOR 
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Required TechnoJogy 


The development and construction of the pin silicon photodiodes that can 
operate at 1«0 ym without large sensitivity changes with temperature is 
required* Presently, the silicon photodiode responsivity is very temperature 
sensitive at Ijim - about 0*5?S per 0°C. This cnange would appear, for example, 
as 0 single change with solar heating* One solution is to extend the peak 
spectral sensitivity toward 1 ym* This, however, may force a more undesirable 
mode, i*e*, reverse bias* These diodes are needed in remote sensing of aerosols 
since lym is an atmospheric ''window** region with no interfering gaseous 
absorption* 

The tech 'ology schedule for analysis and design is 7/75 to 7/76 and for 
breadboard and test 1/76 to 3/77. The payload should be ready by 1960. 

2* POLAR IMEIRY SYSTEM 

Ppvload Description 

A third system is desired which will provide information on the spatial 
and physical characteristics of aerosols by measuring the spectral and 
polarization characteristics of upwelling radiation from the atmosphere in 
the visible and near infrared wavelength regior.w* The degree of polarization 
increases with increasing scattering angle, being nil at zero degrees, from 
the sun* The instrument proposed for development should have no moving parts 
for mechanical simplicity and greater accuracy* Analysis of polarization 
information of upw' lling radiation will permit modeling of the tropospheric 
aerosols, thereby permitting inputs to the global circulation of the polarimeter 
which is extremely valuable and could be incorporated into the instrument, 
would be to scan the aureole (the region from the sun's limb to about 20°) 
with the polarimeter. Ore of the parameters of the aerosols that the 
polarization measurement technique has shown potential for measuring with 
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greater sensitivity is the imaginary part of the refractive index of aerosols# 

An analysis of the polarization variation in the forward scattering of the 
aureole would allow characterization of aerosols in the stratosphere that would 
complement the upwelling measurement made over the same area by the polarimeter# 

A field of view change, instrument gimbaling, and a neutral density filter to 
reduce the intensity of the direct solar radiation, would be required for this 
measurement to be accommodated# This system would also permit attenuation 
measurements as described in Section 2# (Attenuation System) 

One of the advantages of the poJ arimeter system is that it can continuously 
monitor the atmosphere unlike in the attenuation system, where the sunset/sun- 
rise positions are a necessity# 

Required Technology 

The development of a no moving part space qualified polarimeter that can 
operate through narrow spectral bands within the spectral region from approx- 
imately 0.35 pm to 1.0ym needs to be developed. 

A Faraday technique has been breadboarded within industry and looks 
promising. The wavelength sensitivity throughout the visible is a technical 
problem to be considered. 

The inversion of the polarization data tu obtain the aerosol characteristics 
still needs more effort. This theoretical aspect of the problem should be given 
as much weight, if not more, as the technological aspect. 

The technology schedule is as follows: Test breadboard (1/76 to 1/77), 

lab and field measurements (6/76 to 6/77), redesign and fabrication (1/77 to 
6/76). The theoretical simulation and inversion aspects of the measurament 
»^an be completed within l-J- years (by 1/77)# 


34 


3. LIMB SCATTERING SYSTEM 


Pavload Description 

Another valuable technique that can be used from the Sht wle is that of 
limb scattering measuremenhs using a multi-channel photometer. These 
measurements would allow determination of stratospheric aerosol characteristics 
and certain gases (O 3 , ()2 and molecular oxygen) by looking at scattered solar 
radiation from the earth* s limb. The coverage afforded by such a measurement 
is extended considerably but the analytical process for data inversion is not 
quite in hand presently. Much work still needs to be done on the theoretical 
side. Efforts are underway to bring the analysis to be berter understood. 

A photometer covering 5 to 6 channels in the visible and near infrared which 
could scan the earth’s limb in various azimuth angles would be required for 
this measurement. 

One of the major advantages of such an instrument is that it lends itself 
to continuous monitoring of the earth’s atmosphere since the sunset/eunrise 
positions are not needed as is the requirement with the attenuation techniques. 
ThuSf an important aspect of this system is its possible application fot 
systematic soatiel and temporal determinations of the aerosol properties on 
a glubal scale. The dynamic and temporal variations of the aerosol properties 
have not been monitorad previously on a global basis. It ehould yield infer-' 
mation about the important dynamic quantitieSf such as local residence tirnet 
creatioHi and destruction proceaaesi ozone den^.ity changes and high altitude ^ 
clouds* 

RflsuAfBd .lttBhn,QAmy 

Tha technology raqulretnent is the dav.lopment and the usnatruction of a 
scanning mul'*'i-wavslength photomstex, which is spaca qualified* . 

At the sfama time» work on an increased pace on the theoretical jinversion 
algorithms naeded to extract useful information from the intensity data should 



be given high priority. The solution of this difficult problem, often referred 
to as the inverse multiple scattering problem, is attracting in recent years 
considerable attention among world atmospheric scientists. 

4. PHOTOGRAPHIC SYSTEM AND SUN SHAPE EXPERIMENT 
Payload Description 

A photographic film is one o'f' the most compact devices for storing 
information, and highly sophisticated small format (70mm or 35mm) photographic 
equipment, excellent for scientific, with the added convenience of portability, 
are now the state of the art items. Not only does camera photography record 
a visual scene, but it records the full field of view simultaneouwly : an 
advantage no scanning photoelectric device can provide. 

The multi-angle, narrow wavelength-bandwidth photography can be carried 
out in the sunset/sunrise mode or the limb scattering measurement mode ot the 
polarization measurement mode. In the sunset/sunrise mode, the measurement 
of the direct solar radiation and the scattering intensity and polarization 
of the radiation by the atmosphere within the aureole surrounding the s!n*s 
disk can be simultaneously carried out* Thus, the relatively inexpensive 
photography cannot only measure the extinction, scattered intensity and 
polarization of solar radiation by aerosols (and gases), from which aerosol 
characteristics can be determined, but also measure the shape of the sun*s 
disk, from which information about the altitude variation of the atmospheric 
refractive index can be obtained. Limb pictures before sunrise or after sun- 
set will also be valuable in these analyses. 

Required Technology 

The required technology is the development of a lightweight portable, 
external occultation neutral density filter mechanism, which will permit 
photography of the sun and its aureole through narrow spectral bands (and 
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polarizers when used), and at the same time remove or reduce the problems 
of flare and stray light to an insignificant level. 

There is also a need to develop or improve techniques in which the 6* 
order dynamic range EG&G film or the AGFA contour films can be used. 

! The basic technology requirements can be completed by 12/77 (2-i* years). 

( 

I The synergism afforded by conducting several of these experiments in 

consonance can be seen from the fact that several are sensitive to the total 

burden of aerosols in the atmosphere while others are sensitive to upper 

atmospheric inputs primarily. Other effects such as comparison of 

measurements by different modes over the same geographical region or by the 

same basic measurement by several different techniques also act to reinforce 
one another. 

The broadband gaseous measurement alluded to in (1) can act as a 
complementary and supplementary measurement to a limb scanning instrument 
(narrow-band infrared) for substantiating the quantitive inference of 
trace constituents in the upper atmosphere. 

I 

i Measurements of limb scattering and occultation can be compared for 

^ agreement since both will produce vertical distribution of aerosols in the 

I 

upper atmosphere. 

Tropospheric measurements by lidar and polarimetry can be compared for 
the proper interpretation and calibration of data. 

Associated Mission Model 

The proposed Shuttle payload supports the Outlook for Space themes: 
Prediction end Protection of the Environment and the Protection of Life and 
Property, and especially the objectives dealing with climate (OFS-023), 
Tropospheric Pollutants (CFS-032), Large Scale Weather (OFS-021), Stratospheric 

I Changes and Effec\.s (OFS-024). 
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The payload supports the following 1973 mission model payloads: 

1. EO-3, The Earth Observatory Satellite (18 launches, 1978-91) 

2. EO-4, The Synchronous Earth Observation Satellite (8 launches, 1981-91) 

3. EO-5, Special Purpose Satellite (18 launches, 1977-91) 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1. TECHNOLOGY REQUIREMENT (TITLE): No Moving Pert PAGE 1 OF ^ 

Pclarimeter 

2. TECHNOLOGY CATEGORY: SRr.gjng and Da-fca Acquisihion 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; To (jevelop a space qualified no 

moving part polarimeter to measure the spectral and polarization char- 
acteristics of upwelling radiation, 

4. CURRENT STATE OF ART: -MovinQ part systems, have been developed for 

helicopter and aircraft use« 

HAS BEEN CARRIED TO LEVEL 

5 . DESC RIPTION OF TEC HNOLOGY 

The system must be capable of measuring from a spacecraft the spectral and 
polarization characteristics of upwelling radiation with no moving parts# 

A Faraday technique has been breadboarded by TRW and luoks promising. 

No system is available presently. The spectral inte::val would be from 
approximately 0.35 to l.Oym. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B.Q C/D 


6. RATIONALE AND ANALYSIS: 

This system would be used to characterize tropospheric aerosols. 

This technology advancement should be carried to an experimental demon-* 
stration on an early Shuttle flight* Simulation of the measurement 
would be impossible from other platforms. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TKr.HlMOT Or.Y REQlJIREMENTmTLEI: Polarimeter 


PAGE 2 OF 3_ 


7. TECHNOLOGY OPTIONS: 


Moving part polarimeters could be developed for space applications, but 
the no moving part system («OLld be much more attractive. 



8 . TECHNICAL PROBLEMS: 


X sensitivity throughout visible. 


9. POTENTIAL ALTERNATIVES: 


None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

AAFE supported early development of moving part system. 

RTOP ^ 160-44-71 supported helicopter measurement program. 


No PY 76 funding is available. 

11. RELATED TECHNOLOGY REQUIREMENTS: 


EXPECTED UNPERTURBED LEVEL 


None. 
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DEFINITION OF TECHNO LOGY REQUIREMENT 

1 . TEC HNOLOGY REQUIREM ENT (TITLE) : NMP Polarimeter 


PAGE 3 OF 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 
TECHNOLOGY 

Test TRW Breadboard 

2. Leb &. Field Meas. | 

; 

3 ^ Redesign 

4, Fabrication 


APPLICATION 
I 1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES: 

1. "Development of An Experiment for Visible Radiation Polarization 
Measurements from a Satellite," by Z» Sekera and R» E, Bradbury, 

NASA Contractor Report, NASA CR-2297, November 1973. 

2, "Measurement and Analysis Program Using Visible Radiation Polarization 
Data Obtained from a Helicopter Borne Polarimeter, " by K. R. Jenkin 

et al., TRW, unoer contract NASl-12298, 1974, 


LEVEL OF STATE OF ART 


t. BASIC PHENOMENA OBSERVED AND REPORTED. 
i. THEORY rouMUUTED TO DE.SCmBK PHENOMENA. 

S. THEOnV TK.STED BY PHYSICAL E.XPERIMENT 
OR AUTHEMATICAL MODEI.. 

4. PERTINENT KUNCTiON OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATEHUL, COVPO.NENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IK RELEVANT 
BMVIRONMCNT IN THE LAROaAl'ORY. 

S. MODEL TESTED IN AIRCRAPT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I. MEW CAPA»LITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUAMUTY UPORAOINC OF AN OPERATIONAL MODEL. 
M. UEETIMS EXTENSION QE AN OltRATION.M. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): Red Extended Pin PAGE 1 OF 3 

Silicon Photodiodes 


2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition 


3. OBJECTIVE /ADVANCEMENT REQUIRED; To develop pin silicon photodiodes 
at 1*D urn without larce sensitivity chances with temperature. 


4. CURRENT STATE OF ART: Presently silicon photodiode responsivity is very 

temperature sensitive at 1 iim. 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

Silicon photodiodes temperature sensitivity at Ijim is large - O.S^t per °C, 
This change would appear, for example, as a signal change with soIm heating, 
□ne solution is to extend the peak spectral sensitivity toward 1 yti. This, 
however, may force a more undesirable mode, i.e., reverse plan. 


P/L REQUIREMENTS BASED ON: □ PR E-A, □ A.Q B.Q C/D 

r>. RATIONALE AND ANALYSIS: 

(a) These diodes are needed in remote sensing of aerosols since Ijjm is an 
atmospheric "window" region with no interferitig gaseous absorption. 

(b) Could be used on SAM II/Nimbus*-G, SAGE/AEM B, and future Shuttle 
missions. 





DEFLATION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT/TITLE^; Silicon Photodiode.., p^GE 2 OF J, 


7. TECHNOLOGY OPTIONS: 

(a) Germanium might be applicable. 

(b) Active temperature control. 


8. TECHNICAL PROBLEMS: 

Construction of such diodes. 


y. POTENTIAL ALTERNATIVES: 
None . 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
RTOP # 642-12-13 is developing the SAM II/Nimbus-G hardware. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 


None 





L 


DEFINITION O F TECHNOLOGY REQUIREMENT NO^ 

1. TECHNOLOGY REQUIREMENT mTT.E^? Silicon Photodiode.., PAGE 3 OF 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

TECHNOLOGY 

1. Analysis *- Design 

2. Breadboard &. Test . . 

3. 

4. 

5. 

APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


i:). USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 














TOTAL 

NUMBER OF LAUNCHES 














_L_ 


14. REFERENCES: 


15. LE VEL OF STATE OF ART 

1. BASIC PNGNOMBNA OBSERVED AND RErORTEO. 
a. THEORY roilMl'LATED TO DESCRIBE PIIEKOMENA. 

8. THEORY TESTED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4. PERTINENT EL'NCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATERIAL, COMPO.NENT, ETC. V 


I. COMPONENT OR BREADBOARD TESTED IK RELEVANT 
BNVINONMENT IN THE LABORATORY, 
t. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IK SP.ACE ENVIRONMENT. 

S. NEW CAPAIRUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUABILITV UPGRADINC OF AN OPERATIO.NAL MODEL, 
to. UrniMB EXTENSION OF AN Ol'LRATION.Kt. MODEL. 
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B-3 LASER REMOTE SENSING OF THE ATMOSPHERE 


Applicaiiion 

The application of laser remote sensing is to the detection of constituents 
and pollutants in the earth's atmosphere from 80 kilometers to the ground and to 
the effects that result from their proliferation. One of the effects concerns 
potential changes in climate, whereby changes of only 1°C may have far ranging 
economic influence due to changes in crop production, etc. Another effect con- 
cerns the photo-chemical reduction in stratospheric ozone causing increased UV 
radiation from space with possible danger to life and material. The effects of 
gaseous pollutant and aerosol increase near the around may also have serious 
effects on life and material. 

Pavload Description 

The sensor systems consist of (1) A passive IR tunable laser heterodyne 
spectrometer in the 3 pm to 12 ym rarige for measuring vertical distribution of 
pollutants/constituents in the upper troposphere and stratosphere using solar 
radiation, up-welling thermal radiation of the earth and the atmosphere and 
radiation emitted by the earth's limb. (2) An active IR tunable laser 
differential absorption spectrometer system in which the radiation from a 
tunable high pressure/high energy gas laser is transmitted vertically down- 
ward to the earth's surface, and is reflected upward by the earth's surface 
to the heterodyne receiver on the Shuttle. The distribution of pollutants 
in the troposphere to the ground, can be determined from variation of zones. 

Differential absorption LIDAR for measuring the vertical distribution 
of gaseous constituents and pollutants through laser ranging, uaing back- 
scettering from aerosol and molecules. This system has the potential of 
simplicity. Since optimization of scattering requires operation in the UV, 
visible and near IR, the technique is restricted to pollutants with 
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sufficiently strong absorption lines in this spectral range; it also deperds 
on further development of lasers with sufficient power and efficiency in the 
UV, visible and near IR. Thus, this sensor system may be applicable to more 
advanced payloads than (l) and (2). The lasers developed for this technique 
also are needed in other payloads for sensing aerosols, cloud heights and 
thickness sensor system. (4) A passive IR tunable laser heterodyne spectro- 
meter in the 1 5 ym range for improved measurement of atmospheric temperature 
profiles through measurement of CO2 profiles (CO2 has a constant mixing ratio) 
(This input was made by L. Korb from GSFC). 

Systems (l) and (2) will be used to measure O3, H2O, CO2, NH3, NO, 

NO2, Freons, and CIO. Extensive computer modelling of these remote sensing 
techniques have been performed to corroborate their feasibility from tne 
Shuttle. The advantages of the technique are high specificity in the presence 
of interferent gases, high detection sensitivity, fast observation times, and 
in the active laser mode, (2), the important capability of sensing near the 
ground Technology readiness for (l) and (2) can be demonstrated from the 
Shuttle for key pollutants in FY81. The remaining pollutants will be inves- 
tigated through FY83. For sensor system (3) the required laser development 
in the UV, visible and near IR should delay a Shuttle demonstration to the 
period after FY85. 

Techno.'* OQv Faguirements 

The high specificity and sensitivity of heterodyning is obtained by 
beating the radiation from passive (natural) or active (laser) sources with 
that from a tunable laser local oscillator on a square law detector thereby 
transforming the spectral information from the infrared to the microwave 
range, where small spectral bandwidth and removal of noise sources if obtained 
The technology requirements for receiver in systems (1), (2), and (4) concern 
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improvements in operation of solid state tunable diode lasers used as local 
oscillators. For pollution measurements, the IR range from 3 to 1 2 urn is of 
major interest and for temperature measuremerts, the CO 2 band in the 1 5 urn 
range Diode lasers have the required tuning range, but further development 
is needed for stable single mode operation at powers ImW nn a routine basis. 
Recently, Diode lasers have been opera oed at liquid nitrogen temperatures (in 
contrast to previous liquid helium operation), but this operation needs to be 
established on a routine basis. The advantage is considerable power reduction 
for the closed cycle cooler, making the Diode laser potentially useful for 
satellite — as well as Shuttle operation. 

The technology requirements for sensor system (2) concern further develop- 
ment of tunable high pressu ce/high energy gas lasers with tuning- across pressure 
broadened laser lines. The deficiency of these lasers and the powers required 
are compatible with certain Shuttle missions (and potentially for satellite 
missions). Stability und spectral resolution of tuning needs to be further 
impro^'ud and techniques for simultaneous operation on several laser lines re- 
quires more investigation. Operation on several laser lines is necessary for 
the differential absorption technique where laser lines ”on” and ”off” atmos- 
pheric absorption lines are needed; simultaneous operation of pulses on 
different laser lines insures the same footprint of the reflected laser radi- 
ation on the ground, thus avoiding statistical problems in return signal 
interpretations. Frequency conversion techniques need to be further developed 
to extend the tuning range of gas lasers (C02» CO, DF , HCl, HF). 

The technology requirement for sensor system (3) concerns development of 
high energy lasers with high efficiency in the UV, visible and near IR. In the 
near IR, for isolated cases, some of the gas lasers in sensor system (2) ^' 2 y be 
directly used (e. g. HCl or OF lasers for remote sensing of HCl), but in general, 



improved conversion techniques into the near IR are needed. For the UV, the 
development of efficient frequency doubled tunable dye lasers is required. The 
conversion efficiency from optical pumps, lasers, or flashlamps, to dye laser 
radiation is comparatively high, but the efficiency of these optical pumps 
needs to be increased and other optical pumping sources developed# 

The development of efficient Nd: YAG lasers which are space qualified 

is necessary for aerosol and cloud studies. 

Associated Mission Model 

This payload is intended to be used on the Shuttle ATL payload which is 
scheduled to be launched in 1981. 


DEFINIT'ON OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Tunable Laser PAGE 1 OF _4_ 

Heterodyne Spectrometer (TLHS) 

2. TECHNOLOGY CATEGORY; Sensing, Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REQUIRED! To develop tunable lasers for use as 
l ocal oscillator in a TLHS for remote sensing of varticax distribution of consti - 

tuent and pollutant gases with higher specificity and sensitivity than available 

with other sensors. _ | 

4. CURRENT STATE OF ART: The TLHS. as other passive devices, utilizes nat- 
u ral radiation sources for remote sensing of the atmosphere such as solar radia- 
t ion absorbed by the atmosph.>re (See p, 4)» HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

Tunable diode lasers can be tailcred to emit in the desired wavelength region 
by adjusting the chemical composition cf ternary semi-conductor compounds. 

Most of the tunable diode laser studies^f^ are performed with the lead clial- 
cogenides Pb^^ 34 ym), PbS^ ^Se (4 to 8.5 jim), and the recently 

used Pb^ x***^x^ ( 2»5 to 4 ym). Ihe diode laser can be tuned by varying the 

diode temperature (generally through the current), varying an .'applied magnetic 
field or external pressure. The hig' pressure gas laser and the optical para- 
metric oscillator technologies are described in technology requirement On lasers 
for remote sensing. 


P/L REQU IREMENTS BASED ON; □ ^RE-A.Q A,Q R,D C/D 

6. RA ni^.s’ALE AND ANALYSIS: 

The TLHS is important for passive and active (laser) .vemote sensing techniques. 
Heterodyne remote sensing has the following advantages over 0 '*'her passive re- 
mote sensing techniques, (l) Higher specificity - based on its high spectral 
resolution the TLHS provides better discrimination against generally present 
interferent gases. Thus pollutants can be detecxfid with greater accuracy. 

(2) Higher sensitivity - the TLHS removes most of tho noise sources (detector/ 
background) common to direct infrared detectors end permits the ultimate in 
detection (quantum noise limited operation). 


TO BE CARRIED TO LEVEL 











11. RELATED TECHNOLOGY REQUIREMENTS: 

Improvement of sensitivity and bandwidth of square law detector and associated 
electronics. Development of high efficiency closed cycle coolers. 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : 

Tunable Laser Heterodyne Spectrometer (TLHS) 


PAGE 3 OF 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 1. Tunable 
Diode L (1 mW, 77°K) 
la. Advanced Systems 

2. TLHS Component Design 

3. Breadboard Test 

4. Fabrication 

5* Final Tests 


APPUCATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

Operations with ad- 

4. vanc^^^Tunable lasers 


, USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



I 



1. Re Ke Seals: Analysis of Tunable Laser Heterodyne Radiometry: Remote 

Sensing of Atmospheric Gases. AIAA J., vol. 12, no. 0, Aug. 1974. 

2. Re T. Menzies: Laser Heterodyne Detection Techniques. Chapter 6 of Laser. 

Monitoring of the Atmosphere, E. De Hinkley, £c. (Springer). 

3. F.. Allario, R. K. Seals, P. Brockman, R. V. Hess: Tunable Semiconductor 

Lasers and Their Application to Environmental Sensing. 10th Anniversary 
Mtg. of the Society for Engineering Science. November 1973. 

4. E. D. Hinkley, K. W. Nill, and F. A. Blum: Infrared Spectroscopy with 

Tunable LsLers. Laser Spectroscopy of Atoms and Molecules. Book chapter 
in "Current Topics in Physics," Springer. To be published. 


15. LEVEL OF STATE OF ART 


1. BASIC PHENOMENA ODSERVKD AND REPORTED, 

2. THEORY »X)UMUUATED TO DESCRIBE PHENOMENA* 

3. THEORY TKSITD BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 
E.C., MATERIAL, COMPO.NENT, ETC. 


9. CCHiPONFNT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

9 . MODEL TESTED IN AIRCRAFT ENVIRONMENT, 
t. MODEL 1LSTED IN SPACE ENVIRONMENT. 

9 . NEW CAPAHILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9 . REUABIUTY UPGRADINC OF AN OPERATIONAL MODEL. 
10. UFEUME EXTENSION OF AN OI'ERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): 

Tunable Laser Heterodyne Spectrometer (TLHS) 

PAGE 4 OF ^ 




4. CURRENT STATE OF ART (cont^d.) 

upwelling thermal radiance of the earth and the afn^osphere and radiation emitted 
by the earth*s limb.^»2 The TLHS obtains high specificity and sensitivity by 
beating the radiation from passive (natural) or active (laser) source with that 
from a tunable laser local oscillator on a square law detector, thereby trans* 
forming the spectral information from the infrared to the difference frequency in 
the microwave range which permits tuning across atmospheric spectral lines with 
small spectral bandwidth and removal of noise sources except quantum noise* The 
requirements for operation of a tunable laser as local oscillator are single mode 
power in excess of 1 mW and sufficient tuning range to cover all important con- 
stituents and pollutants* (l) Tunable infrared diode lasers^ have the required 
tuning range and have been operated multimode at considerably higher powers* 
Transverse single mode operation has been obtained but single longitudinal 
mode > 1 mW is still not being attained on a routine basis* In the past infrared 
diode lasers operated only at liquid helium temperatures but recently^ CW opera- 
tion has been achieved at liquid nitrogen temperatures by using liquid phase 
epitaxy growth techniques to fabricate douole heterostructure devices* This 
temperature increase is very important since it permits reduction in power of 
closed cycle coolers (from 1 kW to 'U 100 W) which are desirable for stable 
temperature operation* (2) High pressure gas lasers (see also technology 
requirement on laser remote sensing) are tuned across pressure broadened lines 
('V 3 GHz/atm); CW waveguide lasers operate presently at pressure < 1/2 atm and 
high pressure pulsed lasers (presently under development) can operate up to 
pressures > 10 atm with corresponding tunability over a wide region. Select fre- 
quency gas lasers (at lower pressures) are being used as local oscillators for 
a limited number of gases* Parametric oscillators (pumped by Nd:YAG lasers)have 
so far not been operated at high spectral resolution over the entire IR range* 

8. TECHNICAL PROBLEMS: (cont’d.) 

entire IR (including frequency conversion techniques) but their tuning stability 
needs bo be improved (e*g*, through techniques discussed under the technology 
requirement for laser remote sensing)* The Nd:YAG laser pumped optical para- 
metric nscillator (OPO) has sufficient power but has not been routinely tuned 
over the entire IR with sufficiently high spectral resolution* The short pulses 
limit the bandwidth of the radiation* (2) The TLHS techniques, as other passive 
techniques, depend on radiation or absorption ”on” and ”off” atmospheric absorp- 
tion lines* Thus it is desirable to extend the TLHS technique to multiline 
operation. No major difficulties are expected, which would give the TLHS tech- 
nique another advantage over other IR, visible, and UV detectors where such 
simultaneous line operation may be more difficult* 


^ i 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 



S3 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TECHNOLOGY REQUIREMENT(TITLE): PAGE 2 OF JL 

Lasers for Remote Sensing of Stratosphere, Troposphere, Shuttle Environnant 

7. TECHNOLOGY OPTIONS; 

Concerns a novel passive technique using a tunable laser as local oscillator in 
a so-called laser heterodyne spectrometer, which increases -he sensitivity and 
spectral resolution of passive radiometers. The laser heterodyne spectrometer 
(discussed under a separate Definition of Technology Requirement) is not just 
a technology option, it actually complements the present active laser tech- 
niques. Laser remote sensing techniques have certain advantages and dis- 
advantages. The advantages of laser techniques are (l) differential absorption 
techniques (DIAR, DIAL) are superior for measuring gases close to ground level, 
(2) they have less dependence on atmospheric temperature distribution in con- 
trast to passive techniques which depend on radiances, (3) they appear to be 
better suited for measuring gases below concentration bulges, e.g., in O3 
which may also contain NC bulges from stratospheric flight, (4) by providing 
an independent pulsed light source they permit day and night (see p. 6) 

8. TECHNICAL PROBLEMS: 

Long range remote sensing techniques from the shuttle and especially from 
satellites require highest possible efficiencies for lasers and frequency con- 
version, and frequency stable operation simultaneously on several narrow laser 
lines. Reasonable extrapolation of present gas laser efficiencies indicates 
that use of these lasers by themselves or as pumping sources of crystals or 
other gases offer the possibility of performing shuttle experiments in the IR 
range from 11 to 1 ]jm, compatible with shuttle powers (see p. 6) 

9. POTENTIAL ALTERNATIVES: 

The potential alternatives are passive remote sensing techniques and various 
in-situ measurements. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

SR&.T development and feasibility studies of tunable high pressure gas lasers 
for shuttle remote sensing are performed under RTOP 506-18-12; applications of 
these tunable, high energy density lasers to laser energy transmission and 
energy conversion is performed under RTOP’s 506-25-55 and 506-21-42. Feasibility 
studies for p variety of tunable lasers for shuttle remote sensing are performed 
under (see p. 6) 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Small, lightweight power supplies. Optimization of heterodyne receiver. 





DEFINITION OF TECHNOLOGY REQUIREMENT 


. 1 2CHNOLOGY REQUIREMENT mTLE): Lasers for Remote Sensi ngPAGE 3 OF _ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CA1.ENDAR YEAR 



SCHEDULE ITEM 


nxQh rrBssure in l 
Rx-equency Conv. 

2. Advanced (Vis*, *J\/)L 

Component design IR I 

Breadboard Tests 

5. Final Tests 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. Oper* with frequency 

n j I 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

1. R. K. Seals and C. H, Bair: Analysis of Laser Differential Absorption 

Remote Sensing Using Diffuse Reflection from the Earth. Second Joint 
Conference on Sensing of Environmental Pollutants. Dec. 10-12, 1973. 

2. R. V. Hess and R. K. Seals: Applications of Tunable High Energy/Pressure 

Pulsed Lasers to Atmospheric Transmission and Remote Sensing. NASA Tech- 
nical Memorandum. TMX-2010. 

3. Computer Feasibility Studies for Remote Sensing of Gases from Shuttle 
with BARS and DIAL (Visible and UV) performed by R. T. Thompson (ODU) 
and E. E. Remsberg, NASA LaRC. To be published. 

4. M.L. Wright, F. K. Proktor, L. S. Gusiorek, E. M. Liston: A Preliminary 

Study of Ait Pollution Measurement by Active Remote Sensing Techniques. 
Stanford Research Institute Final Report, prepared for NASA LRC Contract 



NASl-11657. To be published. 

LEVEL OF STATE OF ART 

1. BASIC I>HKNOMKNA OOSEAVKO ANU RErORTEO. 

2. THEORY roUMULATED TO OESCRtBE PHENOMENA. 

8, theory TKSl'ED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEI.. 

4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 
material. COMPONENT. ETC. 


(See page 7) 


S. C'OMPONFNT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LARORATORY. 

«. MODEL TESTED IN AIRCRAFT ENMRONMENT. 

T. MODEL TESTED IN SPJVCE ENVIRONMENT. 

S. NEW CAPAIBUTV DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUAHUTY UPCRAMNC OF AN OPERATIO.NAL MODEL, 
to. UFETIME EXTENSION OF AN OI'LRATION.KL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Lasers for Remote Senjin q PAGE4 OF 7 

of Stratosphere. Troposphere, Shuttle Environment 

4. CURRENT STATE OF ART: (cont) 

(2) Differential Absorption Lidar (DIAL) with ranging by atmospheric scatter- 
ing, 3,4,5. 

(3) Fluorescence Lidar measurements for Shuttle Environment, 6 Aerosol Clouds: 
Lidar measurements of atmospheric aerosol distribution, cloud height and thick- 
ness. 

Gases ; (1) PARS is used to measure column content with laser wavelengths "on” 
and "off" absorption lines, and vertical altitude profiles with several wave- 
lengths on absorption lines to include the variation of pressure broadening 
with altitude. For column content measurements from the Shuttle pulse energies 
<1 Joule 1, 2, 3 and average powers <10 W (assuming a repe'^'tion rate of 1 0 
p.p.s.) should be sufficient for 0^, CO, N 2 C, H 2 O in the IR, H 2 O in the visible, 
and 0^ in the UV, These results are obtained by optimizing detectors (e.g., 
heterodyning in the IR, yielding several orders of magnitude improvement), "on" 
and "off" wavelengths, and telescope size. All optimization have not yet been 
performed in ref. 4# Higher pulse energies and average powers are needed for 
less abundant gases 5 O 2 , HCl, NO, and Freons (except for industrial corridors 
and Shuttle or aircraft exhausts). The choice of wavelength range crucially 
depends on the availability of efficient lasers to meet the Shuttle power lim- 
itations, or mission constraints for auxiliary power (aircraft power limitations 
are less severe). In the IR, tunable high pressure/energy CO 2 lasers and some 
other lasers at shorter wavelengths (CO, DF, HF) are capable of efficiencies 
>109t and with frequency conversion have efficiencies into the entire IR range 
>3%. Thus, the required average power on the Shuttle would vary from < 100 W 
(for 10 p.p.s.) to somewhat higher powers for the more sophisticated experiments 
In the visible, tunable dye lasers attain presently an efficiency of ^Q.3?t and 
with frequency doubling into the UV '''0,1?&, thus for lOW avg. laser power at 
least 3 kW Shuttle power for H 2 O (visible) and 10 kW for 0^ (UV) would be needed 
Vertical altitude profiles * which depend on pressure broadening with altitude 
require IR operation; the power requirement is somewhat higher than for the 
column content* (2) DIAL obtains vertical altitude profiles through ranging 
by scattering from aerosols and molecules and thus improves with decreasing 
wavelength. The pulse energy requirements in the visible and UV vary from 
several Joules (H^D, 0 ^ ) to >10 Joules (e.g., SO 2 ) with correspondingly large 
Shuttle power requirements due to low/laser efficiencies. Atmospheric consti- 
tuents and pollutants have fundamental and overtone absorption lines in the near 
IR (1 to 5 pm) where scattering becomes sufficient for DIAL applications. Tun- 
able optical parametric oscillators using frequency conversion of solid state 
lasers in the near IR presently do not have sufficient energies and efficiencies 
for Shuttle use (but may be useful for ground or aircraft use). Coincidences 
of gas lasers with molecular absorption lines (e.g., DF laser with HCl from 
Shuttle exhaust have been studied for DIAL measurements in the near IR ( 
m). A combination of gas lasers studied for DIAL measurements in the near IR 
may show promise for Shuttle applications. (3)^ Fluorescegce Lidar has t^e 
potential of measuring gases such as 0(1304.87 A), H(1216 A), Ar(1 066.66 A, N 2 
(1300 8) in the immediate Shuttle environment 6 (0.1 to 10 km) and Na(5590 S) 

at a longer range (115 km). At present the efficiency of producing far UV 
frequencies through frequency multiplication of laser radiation is very low and 
only few select frequency lasers exist in this region. 
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4. CURRENT STATE OF ART: (cont) 

The recent development of high pressure excimer lasers may be useful for this app- 
lication; measurement of Na in the visible range should provide no difficulties* 
Aerosols*. Clouds : As discussed in the Shuttle payload proposal on Remote Sensing 

of Aerosols by L* Kopia and P* McCormick, the backscattered radiation from a Lidar 
system can be used to obtain much needed information for a variety of problems, 
such as cloud height thickness, and type (phase state of cloud), vertical profiles 
of stratospheric and mesopheric aerosols and the tropospheric aerosol maximum mix- 
ing height* Theoretical feasibility studies 7, 4, 8 indicate that aerosol distri- 
bution/measurements in the stratosphere down to the mixing height, with range 
resolution of 'b 1 km could be performed at ruby laser wavelength (0*693 y m) at 
pulse energies of the order of 1 Joule and at NdsYAG laser wavelength (1*06 y m) 
with pulse energies of the order of 10 Joules, could be performed at night time* 
Measurements of the top heights of several cloud types could be performed with 
similar energies during daylight, but measurement of cloud thickness would require 
higher energies or .similar energies at night time*' A two color system (Kopia and 
McCormick) using 0*6943 ym or 1*06 y m and their second harmonics would allow, in 
principle, complete separation of the molecular and aerosol components of the back- 
scattered radiation for a unique aerosol measurement* The key problem is develop- 
ment of efficient lasers and detectors* The present efficiency of Nd:YAG lasers 
is at best O/ 1% and of ruby lasers a fraction of a %* Thus, for both lasers, the 
power requirements for rep* rates of 1 pps would vary from several hundred watts 
to 1 kW* The need for efficient lasers in the visible and UV for aerosol and 
cloud measurements is similar to that for inJifferential absorption measurements j 
of atmospheric constituents and pollutants* 

5* DESCRIPTION OF TECHNOLOGY: (cont) 


technique must operate close to simultaneously to avoid detrimental effects due to | 
change in scattering from the ground (diffuse reflection) or from the atmosphere 
and turbulence produced by wavelengths at different times* This may be obtained 
through use of ring lasers and unstable cavities, which also provide greater sta- 
bility for fine tuning at the required narrow spectral output* Tunable Dve Lasers 
and other Visible and UV Lasers : The efficiency of tunable dye lasers is present- 

ly very low, ^^^0*3^ in the visible and corresponding lower, 0*1% for frequency 
doubling in the UV* The dye lasers are optically pumped by flashlamps or other 
lasers* The efficiency of conversion from these pumping sources is high, up to 
4Q%* Thus, the key problem is the inefficiency of visible and UV lasers and 
flashlamps. The efficiency of visible ruby lasers is a fraction of a %* The 
efficiency of Nd:YAG (1*06 y m) lasers is 1% and somewhat higher efficiencies 
have been reported with the hope of approaching visible (doubled) laser efficien- 
cies of 1%* Visible copper chloride lasers (.5100 and *5162 y m) have recently 
been operated by A* Russel and N* Nerheim at JPL at efficiencies of 1%* Nitrogen 
lasers (.3371 pm) have efficiencies of <1%. Excimer lasers have shown high 
efficiencies in the UV and have potential for the visible. Tunable Optical Para- 
metric Dscmator (OPO) and Radar-IR Lasers; An Nd:YAG laser (1.06 \i m) is gen- 
erally used as laser source with frequency conversion in an LiNbO^ crystal. The 
conversion efficiency is high > 30%, but the laser efficiency if* not, 'V i%^ thus 
the combined efficiency is ^ 0.3%. A potential (cont) 
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5. DESCRIPTION OF TECHNOLOGY: (cont) 

improvement concerns use of the more efficient gas lasers with the OPO or with fre- 
quency mixing of different laser frequencies with the goal of achieving an order of 
magnitude higher efficiency of ^ 3 % in the near IR. For IR operation considerably 
increased signal/noise is i.btained through use of a heterodyne receiver (discussed 
under separate technology requirement). 

7. TECHNOLOGY OPTIONS (cont) 

operations and comparative reduction in background noise. The potential disadvan- 
tage of laser techniques is higher power requirement. The compare* ively low powers 
required for certain efficient laser techniques, however, makes them attractive. 

8. TECHNICAL PROBLEMS: (cont) 

<100 W to several kW. Use of an Nd:YAG laser as pumping source for frequency 
converters (optical parametric oscillator) in the near IR would require improvement 
in efficiency with a narrow spectral band output. Tunable diode lasers have a wide | 
tuning range but not sufficient power. Operation of tunable dye lasers in the UV | 
would be of great interest for DIAL experiments, but their present efficiency is too 
low. Increases in efficiency of dye laser pumping sources, e.g., Nd:YAG with fre- 
quency doubling, nitrogen-, argon-, copper chloride vapor-, and excimer lasers are 
required or the possible use of high pressure dye vapor lasers with electric dis- 
charge excitation. Another alternative is efficiency increase of flashlamps with 
new pumping techniques and improved matching of the dye spectrum. For example, 
laser produced plasmas radiating in the UV have been successfully used for dye laser 
pumping. I 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; (cont) 

RTOP 645-20-07. Differential Absorption wx h Reflection (DIAR) is performed, for 
aircraft applications, under a joint JPL-LRC AAFE program (RTOP 638-10-00) using 
a waveguide laser with limited power and tunability. D*>fferential Absorption Lidar 
(DIAL) with tunable dye lasers is used by J. M. Hoell, W. Wade (LRC), and HI. T. 
Thompson (Old Dominion Univ.) in measurements of S02from a smoke stack ( 2 km 

range) under RTOP 176-21-31* 9 Development of an optical-parametric oscillator 
for remote sensing ( ^ 2 km range) in the near infrared and some diffuse reflection 
studies of CO 2 lasers are performed at LRC with funding obtained from the EPA. For 
sufficiently rapid development of tunable laser and select frequency laser applica- 
tions from the IR through the visible and UV for remote sensing it is essential 
that the effort be coordinated with strongly related laser requirements at ERDA 
(isotope separation, fusion) and also with NASA applications to laser communications 
(G5FC), and DOD applications such as * optical radar and energy transmission. 
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B-4 EARTH ENERGY BUDGET AND SOLAR IRRADIANCE MEASUREMENT EXPERIMENT 


application 

The Earth-Energy Budget (EEB) and the Solar Irradiance Measurement (SIM) 
Experiment will have direct application to the Outlook for Space theme Pre- 
diction and Protection of the Environment (02) dealing with Climate and 
Climatic Changes (023), Large Scale Weather Forecasting (021), and Stratos- 
pheric Changes and Effects (024)* The related applications are to the objec- 
tives of Local Weather and Severe Storm Forecasting (0F5-031), Dynamics and 
Energetics of Lower Atmosphere (OFS-074) and Structure, Chemistry, and Dynamics 
of the Stratosphere/Mesophere (OFS-075) . 

Pavload Description 

Because the character of climates, zonal and regional, can be ultimately 
traced to the amount and distribution of solar energy absorbed by the Earth, 
the following measurements are fundamental to understanding and forecasting 
climate change: 

(1) Measurement of variations in total solar energy incident on the 
Earth at satellite altitude* 

(2) Measurement of the distribution of net energy gained or lost by 
the Earth* 

(3) Measurement of attenuation of radiation leaving or entering the 
Earth’s atmosphere by man-made or natural pollution* 

The payload consists of two types of instruments to make the first two 
types of measurements, namely, (A) measurements of the total and spectral 
unattenuated solar irradiance, end (B) those of upwelling radiation in the 
long (>4*0p) and short (2p-4.0y) wavelength regions. 


eo 
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A. SOLAR IRRADIANCE MEASUREMENTS 


It has been demonstrated that the climate changes over the past several 
hundred years can be explained by employing deduced variations in sun*s total 
radiation in simple climate models. Knowledge of energy changes at specific 
wavelengths are also important. For example, variations at short wavelengths 
(less than 0,3y) affects upper atmosphere temperatures. The relative inten- 
sities at 0.693J and 0.74tj are important to the development of plants# 

One of the science requirements is that continuous measurements of the 
total and spectral irradiance be made above the atmosphere as well as at ground 
level for at least 22 years to establish short term variations, i. e#, for 11 
and 22 years solar cycles# Furthermore, the total solar radiation (0#2-50#0p ) 
measurements are required with an accuracy of i 0.1% and precision of 0#5%# 
However, the accuracy requirements for the spectral irradiance measurements are 
not yet accurately defined but are approximately: iS to 10% in the (0#2-0#Ty ) 

region, and ^2 to 5% in the 0#7-3#03l ) region# 

B. ENERGY BUDGET EXPERIMENT 

In order to measure the distribution of net energy gained or lost by the 

earth's atmosphere, the two radiation streams, the albedo and the earth emitted 

radiation, need to be separated# One approach for separating them is to measure 

the total earth upwelling radiation (0#2-50#0ji) as well as the short wavelength 

(Q#2y-4#0y) radiation, i# e# the albedo; the difference between the two 

giving the amount of earth emitted radiation# 

For accurate modelling and climate prediction, more stringent accuaracies 

are required in separating the two streams than presently possible# For the 

measurement of the two streams at the top of the atmosphere, accuracy required 

in the case of global net radiation is better than Q#4% for albedo (short wave) 

2 

and 1 w/m for the long wave excitation, and in the case of regional net 
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radiat.ron, is better than 2 % for albedo ana 3 w/ir^ for long wave excitation# 
Technology Advancement Required 

A. SOLAR IRRADIANCE INSTRUMENTATION (TOTAL AND SPECTRAL) 

Several candidate instruments exist for the measurement of total and 
spectral irradiance, but they need to be further developed to meet the afore- 
mentioned stringent accuracy requirements for continuous measurement from space 
platforms over long periods of time# These are narrow f ield-of-view instruments# 

B. THE EE BUDGET EXPERIMENT 

There are several promising candidate instruments which require further 
improvement in their accuracy and stability of calibration. The total type of 
instrument is a cavity instrument, which may require chopping for high accuracy, 
and hence a fast response# The instrument has a wide f ield-of-view# 

In the albedo type instrument, there is a need for a dome/flat type filter, 
which requires very special attention# For example, the transmission properties 
of the filter are often sensitive to the angle of incidence a- well as incident 
wavelengths# Care must be taken to take into account the post^ible sources of 
error, namely, the partially polarized earth radiation and non-scene irradiance 
at the thermcpile brought about by differences between hemisphere temperature 
and the thermopile receiver temperature. 

A model of the degree, orientation, and spatial and spectral distribution 
of polarized components of the earth radiation is required for analysis# 

The requirements to the design of the sensor are required, specially to 
develop and test a long life cavity sensor associated with electronics and 
calibration procedures and to study, evolve and test new methods of separating 
albedo and earth emitted radiation streams# 

Associated Mission Model 

The Shuttle payload supports the Outlook for Space theme. The Prediction 
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and Protection of the Ervironnent, and especielly the objectives deali ig with 
Climate Prediction (OFE-023) and Large Scale Weather Forecasting (OFS-021)# 

It also supports the following 1973 Mission Model payloads* 

(1) EO-3, the Eai cb Observatory Satellite (16 launches) 19T0-91# 

(2) EO-4, the Synchronous Earth Observation Satellite (8 launches) 
1981-91. 

(3) EC-5, Special Purpose Satellite (18 launches) 1977-91. 
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B-5 MULTI-.WAVELENGTH ATMOSPHERIC TRANSMISSION NETWORK EXPERIMENT (MWATNE) 
Application 

The Multi-Wavelength Atmospheric Transmission Network Experiment (MWATNE) 
has application to the Outlook for Space themes: Protection of Life and Property 

and Prediction and Protection of the Environment, which deal with Tropsopheric 
Pollutants (OFS-032), and Stratospheric Changes and Effects (0F5 — 24), dealing 
with objectives of climate and weather. 

The main applications of MWATNE are the measurement of the global aerosol 
and gaseous consituend loading of the atmosphere by performing transmissometry 
experiments at a network of stations, so that the effects of pollutants on 
climate, weather, crops, and man's health can be studied. 

Payload Description 

On-line absorption of radiation by the various atmospheric constituents 
and the off-line attenuation of radiation due to scattering by molecules and 
aerosols, are a sensitive measure of the distribution and concentration of the 
gaseous and aerusol specres in the atmosphere. MWATNE is essentially an inte- 
grated steri of transmissometry experiments performed simultaneously at var- 
ious wavelengths (visible, IR, MW) through the whole vertical atmosphere from 
3 network of ground stations located at various positions on the continents 
and oceans. For the Shuttle experiment, however, it is proposed to test this 
system with only a few stations (say about 10), located in the U.S. mainland 
and in the islands along the orbital path of the Shuttle. The post-Shu t tie 
goal is to perform the multi-wave±er gth transmissometry simultaneously and 
continuously from a multi-satellite system covering a global network of ground 
stations, enabling one to get a routine continuous picture of the global dis- 
tribution of the atmospheric constituents, their concentration variations, their 
dynamic behavior and to understand and ultimately predict how they impact on 
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climate, weather, crops, and man's health. The proposed Shuttle experiments 
will thus not only serve towards the design of a simple system for continuously 
monitoring the natural and man made atmospheric constituents, but also 'heck 
out the space flight worthiness of radiometers, detectors, coolers, filters, 
data processors, that are technology requirements in other space experiments. 

Transmissometry can be performed in two modes: (l) sources on the space 

platform and detectors on the ground, and (2) sources on the ground and de- 
tectors on the space platform. Advantages of mode one are: (I) less initial 

cost, (II) earth emission effects are minimal, and (III) space flight worth- 
iness of sources can be checked out during Shuttle experiments. The concern 
about the possible radiation hazard to human eye when IR laser sources are 
involved needs to be evaluated. The advantage of the second mode are (I) min- 
imum danger of radiation damage, (I!) for the visible region, the sources of 
light, such as search lights and warning beacons, on building tops, can be used 
that will also be of use of civic/safety purposes; (III) detectors, coolers, 
filters, etc., can be tested and optimized for space flight. The disadvantages 
seem to be: (I) interference from earth's surface albedo, and (II) higher 

initial cost of calibrated sources. One or two experiments will be designed 
to test which of the two modes is reliable and cost-effective. 

Technology Advancement Required 

MWATNE involves an integrated system of several photometers, radiometers, 
filters which are under proposed development in connection with other payloads. 
The main technology driver is to do a theoretical modelling and parametric 
analysis to come up with an optimum design of the networK of sources and de- 
tecxors and to invert the transmittance data for measuring the distribution of 
aerosuls and gaseous (S 02 > etc.) constituents at various locations and 

and altitudes in a 3-D grid. 



Requirements are (1) the development of the design of a multi-wavelength 
(visible, IR, MW) transmissometry network; (2) development and space optimi- 
zation of high resolution, long-life, calibrated sources and detectors, narrow 
B*W« filters and coolers (T<100°K). At present the sources, detectors, filters 
and coolers are 1 to 2 orders of magnitude lower in performance than required for 
MWATNE« 

Associated Mission Model 

This payload supports the following 1973 Mission Model Payloads: 

(1) The Earth Observatory Satellite (EO-3) which has 18 flights 
scheduled between 1978 and 1991* 

(2) The Synchronous Earth Observatory Satellite (EO-4) which has 8 
flights scheduled between 1981 and 1991* 

(3) The Special Purpose Satellite (EO-5) with 18 flights scheduled 
between 1977 and 1991. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT (TITLE): Multi-Wavelength PAGE 1 OF ] 

Atmospheric Transmission Network Experiment (MWATNE) 

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

;5. OBJECTIVE/ ADVANCEMENT REOUTRED: Multi-Wavelength (visible. IR. MW) 

transmissometry networ k. Development and space optimization of high resolution, 

l ong-life, calibrated sources &. detectors, narrow B.W. filters &■ coolers (T<LOO°K ) 
4 CURRENT STATE OF ART* The sources, detectors, filters anij coalers are 

1 to 2 orders of magnitude lower in performance than required for WATNE, 

HAS BEEN CARRIED TO LEVEL _ 

5 . DESC RIFTION OF TEC HNOLOGY 

MWATNE involves an integrated system of several photometers, radiometers, 

X -filters which are under proposed development in connection with other 
payloads* The main technology driver is to do a theoretical modeling and 
parametric analysis to come up with our optimum design of the network of 
sources and detectors and to invert the transmittance data for measuring thek 
distribution of aerosols and gaseous (SO 2 , 03 , NH 3 , etc*) constituents at 
various locations and altitudes in a 3-D grid* 


P/L REQUIREMENTS BASED ON: □ PRE-A,D A,D B.Q C/D 
f) . RATK )NAl.E AND ANALYSIS: 

On-line absorption of radiation by the various atmospheric constituents and the 
off-line attenuation of radiation due to scattaring by molecules and aerosols, 
are a sensitive measure of the distribution ar 'concentration of the gaseous and 
aerosol species in the atmosphere* MWATNE i- entially an integrated system 
of transmissometry experiments performed simulw^ ously at various wavelengths 
(visible, IR, MW) through the whole vertical atmosphere from a network of ground 
stations located at various positions on the continents and oceans. For the 
shuttle experiment, however, it is proposed to test tnit. system with only a few 
stations (say about 10), located in the US mainland and in the islands along the 
orbital path of the shuttle. The post-shuttle goal is to perform the multi- 
wavelength transmissometry simultaneously and continuously from a multi-satellite 
system covering a global network of ground stations, enabling one to get a rou- 
tine continuous picture of the global distribution of the atmospheric constit- 
uents, their concentration variations, their dynamic behavior and to understand 
and ultimately predict how they impact on climate, weather, crops and man’s 
health. The proposed shuttle experiments will thus not only serve towards the 
design of a simple system of continuously monitoring the natural and manmade at- 
mospheric constituents, but also check out the space flight worthiness of radio- 
meters, detectors, coolers, filters, data processors, that are technology 
requirements in other space experiments. (Cont’d ) 


TO BE CARRIED TO LEVEL 




DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REQUIREMENTmTLEl: MWATNE 

PAGE 2 OF _ 



7. TECHNOLOGY OPTIONS; 


Ground<-based experiments based on attenuation, scattering 
by the atmospheric constituents* 

and polarization 

8. TECHNICAL PROBLEMS: 


Stability of the calibration of sources and detectors. 


9. POTENTIAL ALTERNATIVES: 


None. 



10. PLANNED PROGRAMS OR UNPERTIHIBED TECHNOLOGY ADVANCEMENTi 
Various existing RTDP’s and AAFE programs for &ens^-rs and laser sources. 


expected UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 


None 









DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1. TECHNOLOGY REQUIREMENT ITITLE^: MWATNE PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 



TECHNOLOGY NEED DATE 

















— 1 — 
TOTAL 

NUMBER OF LAUNCHES 

















1 


14. REFERENCES: 


15. LE VE L OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND .HEPORTED. 

2. THEORY FX)HMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODE I.. 

4 . PERTINENT KUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C.. MATERIAL, COMPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

S. MODEL TESTED IN AIRCRAET ENVIRONMENT. 

T, MODEL TESTED IN SPACE ENMRONMENT, 

I. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. REUABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN OiXRATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TECHNOLOGY REQUIREMENT (TITLED ; 

PAGE OF 




6 . RATIONALE AND ANALYSIS: (Continued) 


It also supports the Outlook for Space themes. Protection of Life and Property 
(OFS-03) dealing with Tropospheric Pollutants (OFS-032), and Prediction and 
Protection of the Environment, dealing with Stratospheric Changes and Effects 
(OFS-024), 

Transmissometry can be performed in two modes: (l) sources on the space 

platform and detectors on the ground, and (2) sources on the ground and 
detectors on the space platform. Advantages of mode one are: (I) less 

initial cost, (II) earth emission effects are minimal, and (III) space 
flig!;t worthiness of sources can be checked out during shuttle experiments. 

The concern about possibilities of radiation hazard to human eye when IR 
laser sources are involved, needs to be evaluated. The advantage of the 
second mode are (I) minimum danger of radiation damage, (II) for the visible 
region, the sources of light, such as search lights and warning beacons, 
on building tops, can be used that will also be of use for civic/safety 
purposes; (III) detectors, coolers, filters, etc., can be tested and optimized 
for space flight. The disadvantages seem to be: (I) interference from 

earth’s surface albedo, and (II) higher initial cost of calibrated sources. 

One or two experiments will be designed to test which of the two modes is 
reliable and cost-effective. 
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SECTION C: EARTH RESOURCES SENSING PAYLOADS 

C-1 COASTAL ZONE AND LAND RESOURCES MANAGEMENT 


Application 

This is an earth oriented, remote sensing payload which is in direct support 
of the Outlook For Space themes concerned with the Production and Management of 
Food and Forestry Resources and the Prediction and Protection of the Environment » 
One of the objectives of this mission is to acquire improved data to access land 
use, environmental factors, and living marine resources. This mission will give 
particular emphasis to the coastal zone which involves coastal land and wet- 
lands use as well as coastal water quality and marine resources* The second 
objective is to provide a spaceflight demonstration of advanced technology 
applied to these important areas* This would include both advanced payload 
and ground truth sensing technology* The advanced technology envisioned for 
this spacecraft payload would involve advanced sensing concepts in multi- 
spectral imagery employing large aperture telescopes for increased spatial 
resolution; new spectral filtering and spectrometer concepts for improved 
sensitivity and selectivity; advanced all solid state electronically-scanned 
arrays for low cost and weight, and improved reliability and sensitivity; non- 
radiative coolers for increased sensitivity; and new image and electronic data 
processing techniques to eliminate redundancy of transmitted data* Another 
important aspect of this mission is the validation of these observations and 
measurements made from space using ground truth remote sensing systems, employing 
both 5 ^ situ sensors and aircraft borne remote sensors* The aircraft remote 
sensing systems will provide an essential connecting link between ^ situ and 
space remote sensors by providing rapid surveys over large areas* Although 
the primary emphasis of this payload is on coastal zone observations, the ad- 
vanced multispectral imagery technology demonstrated by this mission will have 
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direct impact on other earth observation mission. 

Payload Description 

The payload system would employ an advanced multispectral imagery system 
sensitive to radiation emitted from the earth and its atmosphere over the spectral 
range from ,2-13 micrometers. The system would provide high spectral selectivity 
at specific spectral locations throughout the spectral range to maximize detection 
sensitivity and selectivity of important land, water, und coastal zone parameters. 
The basic elements of this advanced multispectral imager would include a large 
aperture telescope; electronically-scanned, solid state detector arrays; high 
resolution spectral discrimination elements; a non-radiant type cooler system 
operating at 70°K; and direct image or electronic data processors. This 
instrument system would be tailored to observe the most important parameters of 
the coastal zone and land resources management problems. Examples of important 
parameters that show potential for remote sensing by this payload system are: 

Water and Coastal Zone 


Surface temperature and thermal pollution. 

Surface salinity and salt/fresh water mixing. 

Chlorophyll and algae concentrations. 

Industrial pollutants. 

Fuel oil spills. 

Turbidity and dediment distributions. 

Fractional cloud cover. 

Marsh plant identification. 

Wetlands monitoring (dredging, filling, lagooning, damming, etc.). 
Shoal mapping. 

Trophic status of lakes. 

Land 


Mineral exploration. 

Surface thermal mapping (geothermal site location, forest fire detection). 
Insect population and damage surveys. 

Forest coverage and cutting. 

Timber classification. 

Crop identification and surveys. 

The precise selection of the optimum positions and widths of the instrument 
spectral bands needed to detect the listed parameters cannot be completely 
specified at present. This is an extremely important area for a continuing 
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research program which requires extensive theoretical modelling of both physical 
mechanisms and systems, laboratory experimentation, and "'eld evaluation. Based 
on prior research, it is possible to identify certain regions of the spectrum 
which will be important. The first of these is in the thermal infrared spectrum 
from 8 to 12 micrometers. This spectral region, which corresponds to an atmos- 
pheric window, is important for thermal mapping of both land and water surfaces 
and would be used to determine sea surface temperature, locate geotnermal ureas 
and conduct insect population s'^rveys. For this experiment the desired temp- 
erature discrimination or noise equivalent temperature should be less than 
.1°K, assuming a band of 10.5-12.5 micrometers is thosen. Another important 
use of this band is for pollutant measurements since many of the importent 
stratospheric and tropospheric pollutants have absorption lines in this region. 
These absorption lines for trace gas pollutants can be both weak and spectrally 
narrow and hence require special high sensitivity, high resolutioii spectrometric 
sensing techniques. The second spectral band of interest is the 3.5 to 5 
micrometer band. This spectral region is useful for forest fire detection, 
fractional cloud cover estimation (4 micrometers) and for earth viewing through 
an atmospheric window (3.5 to 4.1 micrometers). Some pollutants such as CD 
(4.7 micrometers) and CO 2 (4.3 micrometers) have absorptive bands in this region 
also. The third region of interest is the 1 to 3.5 micrometer spectral range. 
This region also contains atmospheric windows (1 .5 to 1.75 micrometers and 2.1 
to 2.3 micrometers) for earth viewing and in addition has use in geolcjical 
surveying such as the identification of hydrated iron oxides and clays(1.3, 

1.6, and 2.2 micrometers). The fourth and richest part of the total spectrum 
is the .4 to 1 micrometer region. This spectral range is important for 
visible imagery and potentially useful foi the measurement, detection, or 
monitoring of I chlorophyll in algae and plants (.685 i.Ol micrometer); fuel 



oil slicks at sea (.45 i.05 micrometer); water turbidity; shoal mapping (.5 to 
to .6 micrometer); trophic status of lakes (.0 to 1,1 micrometer); timber, 
crop and marsh plant identification; wetlands changes; industrial water 
pollution (.6 to ,7 micrometer); and insect damage. The last spectral region 
to be covered is the near ultraviolet band from ,2 to .4 micrometers. This 
region is of interest for atmospheric pollutant monitoring of gases such as 
^^ 2 * ^^2 which have strong absorption bands in this spectral range. 

From the preceding discussion it should be apparent that there is enough 
knowledge of the important spectral characteristics of observables to begin 
formulation of a payload system. Continuing research in the area may ulti- 
mately change priorities and identify new spectral signatures. In spite of 
this, however, the underlying basic technology required to perform a mission 
of this type will remain unchanged. The technology development of the key 
elements of this advanced multispectral imager should be completed by the 
following target dates: large aperture telescope (1902), electronically-scanned 

solid state infrared arrays (1970), ultra-narrow band pass spectral filtersd 900) , 
and non-radiative coolers (1900). Based on these dates the first payload could 
be launched in 1903, Later launched would incorporate more advanced technology 
such as the Hadamard imaging spectrometer (1903) and the Fraunhofer line dis- 
criminator (1904). This schedule can be compared to the Outlook for Space 
systems High Resolution and Very High Resolution Visible-IR System (systems 
no, 2001-2004) which would directly benefit from this payload demonstration. 

The time frame proposed for these systems is: 2001 (1901), 2002(1902-06, 

2003 (1907), and 2004 (1900-94). Since the time frames for this payload and 
the operational systems overlap there could be a continuous transfer of technology 
from this payload to the operational systems. 
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Technology Advancement Required 

A. LARGE APERTURE TELESCOPES 

An f/1.7, one meter telescope 5,s needed for this payload system to provide 
a 19 fold increase in collection efficiency above present day ERTS imagery# In 
addition, the instantaneous field of view would be 20 microradians at .5 micro- 
meter which . ould provide a factor of four improvement in ground resolution* In 
a near earth orbit of 200 k m this would permit a surface resolution of better 
than seven meters. The spatial resolution would be proportionally degraded 
toward the infrared and experience a factor of seven reduction at 10 micrometers. 
The total field of view of Ihe optics system would be of the order of 15 degrees 
which would provide a 53 kirn swath width on the ground. There is an important 
additional structural design constraint for this high resolution telescope which 
requires the maintenance of small deformatiori tolerances in the presence of 
space thermal loads. 

B. SPECTRAL DISCRIMINATION ELEMENTS 

Improved spectral discrimination elements such as filters, interferometers, 
and spectrometers are needed to provide increased throughput, spectral discrim- 
.tnation and tunability. These elements would be tailored to the parameter 
spectrum of interest. In particular, improved ultranarrow band pass interference 
filters are needed in both the visible and infrared (.5-12 micrometer) ranges to 
implement sensing concepts such as the Fraunhofer line discriminator imager. 

New spectrometer concepts such as the Hadamand Multispectral Imager need to be 
investigated and applied. This latter sensing concept has a potential sensi- 
tivity advantage over conventional spectrometers, while providing imagery in the 
8-12 micrometer spectral band. 

C. SOLID STATE DETECTOR ARRAYS 

This payload system will require electronically scanned, multiple solid 
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state detector arrays which are sensitive over the full spectral range from 
•2 to 1 3 micrometers. In order to achieve these capabilities new concepts 
such as charge coupled device (CCD) and charge injection device (CID) must 
be developed using new and different material systems* Silicon LCD technology 
is in a high stage of developme’^ and will cover the spectral band from *4 to 
1 micrometers* Silicon CID technology is in the early stage of development, 
but offers improved sensitivity* Infrared CCD development for the 1 to 5 
micrometer band is liKewise in the early stages of development* In this 
spectral band InSb is being used as the detector in a monolithic CCD. The 
monolithic concept which is presently under investigation by NASA offers the 
potential of low cost, high reliability, low weight and low power consumption* 

An alternative approach involves a hybrid concept which uses a detector material 
such as PbS and InSb deposited on silicon CCD’s. This lattur technology will 
probably progress more rapidly than the monolithic approach, but does not 
possess the advantages of the former* In the 5 to 12 micrometer band ternary 
material detectors such as HgCdTe appear promising. Work is needed in this 
area to improve detector detectivity (D*) at higher operating temperatures so 
that space system cooling requirements can be reduced or eliminated* In the 
8-12 micrometer band a class of pyroelectric detectors offers the potential 
advantage of high temperature operation with acceptable D* values* At present 
there is no known research in progress on self-scanned solid state arrays in 
the 8-12 micrometer band* Finally, these detector arrays would have 13,100 
elements of approximately 30 micrometers on a side to meet the instantaneous 
and total field of view requirements. 

D* COOLERS 

Space qualified non-radiative type coolers which will reach temperatures 
in the range from fU K (1 watt) to 100 K (10 watts) are needed for detectors 
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and optical components operating in the thermal infrared region of the spectrum. 
This advance is needed to impro\^e overall system ssnsitivity. In situations 
where the detector is the major noise source a tradeoff can be made between 
cooling requirements and improved detector performance- i. e., as detector 
performance is improved cooling requirements can be reduced. Analytical 
studies to investigate potential cooler designs are in progress. 

E. IMAGE PROCESSING 

Techniques to reduce the flow of redundant information need to be developed. 
One approach to this is to perform direct imaoe processing using Fourier trans- 
form imagery which could perform pattern recognition, data compression and spa- 
tial frequency analysis. This advanced technique is in the early research stage. 
Another near real-time processing of multispectral imagery data. Faster micro- 
processors need to be developed before this technology can be applied. 

F. GROUND TRUTH SUPPORT SYSTEMS 

The successful validation of multispectral imagery and measurements from 
space will to a large extent depend on synoptic ground truth data. This will 
require both ^ situ ground-based sensors and aircraft instrumented with remote 
■ - ■ . sensors which can observe large land areas in a short perioo of time. 

..emote sensing instruments would bridge the gap between more accurate point 
measurement situ sensors at fixed locations and the large area coverage pro- 
vided by the spacecraft multispectral imagery. Remote sensing and ^ situ 
instruments are needed for every parameter of interest. Several examples app- 
licable to coastal zone observations are included in the listing of technology 
requirements. Two of these are airborne remote sensing instruments employing 
laser techniques for the measurement of ocean and estuarine salinity and 
turbidity. The laser technique (Raman LIDAR) ie the only known technique that 
has potential for remote subsi^rface {>1 meter) salinity measurement* Similar 
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techniques are under development for algae chlorophyll concentration measurement 
and oil slick detection. These systems are in the development stage. The third 
instrument is called the Multispectral Ocean Color Sensor (MOCS) and is in the 
flight evaluation stage# This instrument, a multispectral imager, is used for 
observing selected signatures from the water parameters such as pollution, 
chlorophyll, etc. The fourth instrument listed in the technology requirements 
is an situ multispectral imager based on a Viking facsimile camera concept. 
This would find application for high resolution verification of multispectral 
images generated by the spacecraft imager. 

Associated Mission Model 

Advanced technology demonstrated by this payload would support multispec- 
tral imagery mi'-sio.is in the following areas: 

Timber Inventory (015) 

Csntrol of Harmful Insects (036) 

Rangeland Assessment (016) 

Global Crop Production (Oil) 

Large Scale Weather (021) 

Stratospheric Changes and Effects (024) 

Lccal Weather and Severe Storm Fcrecasting (031) 

Tropospheric Pollutants Monitoring (032) 

In addition, it is in dirert suoport of the Outlook for Space systems 
H'gh Resolution and Very High Resolution Visible-IR System (Systems no. 2001- 
2004). 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

■J _■!_ — . ——— ^1 L!_ _ N! — - « 1.1 — — _ _ ■ ■ 

1. TECHNOLOGY REQUIREMENT (TITLE): Imaging Optics PAGE 1 OF 4 

for Coastal Zone Management 

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: develop low f/#, wide angle 

field of view, imagj-ng optics for high spatial resolution multispectral 

imagery (>4 - 12y) 

-J . CURRENT STATE OF ART: £RTS imagery 0,4 to l.ly, 76 micro 

radian resolution, NOAA 3 Radiometer, 600 micro radian resolution, 

9” and 5** diameter optics* HAS BEEN CARRIED TO IJEVEL 9 

3. DESCRIPTION OF TECHNOLOGY 

Requirement: 20 micro radian resolution at •Sji 

150 micro radian resolution at 10 }J 

Casegranian Optics technology to obtain these resolutions is given in 

attached table taken from reference #1. Optics diameters of 0.5 to 

1 meter are required. Necessitates large volume payloads. Light weight 

and high dimensional precision optics technology is required. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A.Q B.D C/D 

fi . A TI( )N A L K A ND ANALYSIS: 

1* High spatial resolution imagery is needed for Earth resources 
monitoring. Large diameter optics are required because of diffraction 
limited effects* 

2* Monitoring coastal zone esturines, wetlands i pollution | commerce 
require hi.gh resolution multispectral imagery. 

3* Large diameter optical systems evaluation compatible with snuttle 
payloads. 


TO BE CARRIED TO LEVEL _ j 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 . TECHNOLOGY REOUIREMENTmTLE'.! 

PAGE 2 OF 

7. TECHNOLOGY OPTIONS: 

Fly lower resolution radiometers on aircraft. 



8. TECHNICAL PROBLEMS: 

!• Weight, dimensional stability of optics materials* 

2m Optical design to cover large wavelength range and large angular field of 
view* 

3* Extreme mechanical precision need for scanning techniques* 


9. POTENTIAL ALTERNATIVES: 
None* 


10. PL.^NNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

GSFC* Scanning Spectroradiometer program (Image plane scanner, 16'* dia* 
collecting optics, 30 microradian resolution) 3 study contracts* 

EXPECTED UNPERTURBED LEVEL ^ 

11- RELATED TECHNOLOGY REQUIREMENTS: 

1* Optical materials of light weight configuiation needed* 

2* Solid state detector <^r^ays, image scanning technique and spectral 
filters technology must integrate with imaging optics to provide 
complete system* 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1. TECHNOLOGY REQUIREMENT (TITLE) l^AGE 3 OF _4_ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDU1.E ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Analyses 

2. Design 

3. Fabrication 

4 ^ Space Checkout 

5. 



— 

- 




















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 









— 







j 






— 





13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 








A 









TOTAL 
— 1 

NUMBER OF LAUNCHES 



j 

















14. REFERENCES: 

1. Point Design Study Scanning Spectro-Radiometer 

Te Company Contract, NAS5-21948 Final Report fj^l046-l August 1973. 


2# Design Study Report Seven-Band Scanning Radiometer Honeywell Contract 
#NAS5-21757, January 1973* 


3* Scanning Spectroradiometer Point Design Final Report Hughes Contract 
#NAS5-21952, September 1973* 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OQSERVED AND REPORTED. 

2. THEORY hXUtMlTLATED TO DESCRIBE PHENOMENA. 

3. THEORY TKmn BY PHYSICAL EXPERIMENT 

OR NUTIIEMATICAL MODEL. 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 
E.C.. MATEIUAL. COMPONENT, ETC, 


S. COMPO''*MT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 

S, MODEL TESTED IN AIRCRAFT ENVIRONMENT, 
t, MODEL TESTED IN SPACE ENVIRONMENT. 

$. NEW CAPAmUTY * -RIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

», REUAaLITY UPGRADING OF AN OPERATIO.NAL MODEL, 
10. UFETIME EXTENSION OF AN OPERATIONAL MODEL. 


81 


















DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1 . TECHNOLOGY REQUIREMENT (TITLE); Hadamard Multispectral PAGE 1 OF _3 
Imager 


2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

3. OBJECTIVE/ADVANCEMENT REOnTRED- Design and develop a thermal IR 
imager using the Hadamard Transform/multiplexing advantage to improve sensor 
detection signal to noise ratio. 


1. CURRENT STATE OF ART; Thermal IR detectors and object plane scanning 
radiometers provide 1 km resolution, + 2°K sensor accuracy, and use an 8-12y 


spectral band. 


HAS BEEN CARRIED TO LEVEL 9 


3, DESCRIPTION OF TECHNOLOGY 


The Hadamard Transform Spectrometer imager uses a single detector which senses 
a large portion (50?S) of the total scene energy continuously during a mission, 
thereby giving an optical multiplex advantage. A multiaperture, encoded 
graticule is scanned across the image in the usual radiometer optics. The 
graticule encoding and detector outputs are fed simultaneously into a computer 
which inverts the data with a Hadamard Transform to reproduce an image of the 
scene. By including a grating spectrometer in the system, imagery in 
different spectral bands can be provided. By selecting several bands within 
the 0 to 12jj spectral range, more accurate temperature information may be 
obtained about the scene. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,D B,Q C/D 
I) . A Tl ( i.VA l.K A ND ANALYSIS: 

1. The multiplex advantage provides a larger 5/N ratio and eliminates the 
image scanning mirrors of a normal object plane scanned with multiple 
detectors. 

2. Provides thermal IR imagery in the 8-12y wavelength bands. Multispectral 
capability will provide for greater temperature measurement accuracy, 

± 0.1°K. 

3. Useful in coastal rone water pollution measurements, Shuttle, Seasat, etc. 


TO BE CARRIED TO LEVEL 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TEC HNOLOGY REQUIREMENT(TITLE) : 


PAGE 2 OF 3_ 


7. TECHNOLOGY OPTIONS: 

Frequency madulated graticules scanned in image plane. 
Requires multiple demodulation and multiplexing circuits. 


8. TECHNICAL PROBLEMS: 

1. Efficiency of detector collecting optic need to be improved. 

2. Minimum size of graticule elements influence size of optics in high 
resolution radiometers. 

3. Requires wide angle, low F/#, high resolution collecting optics. 


9. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

RTOP 176-13-33-02 Water Quality and Pollution Sensing - 
Evaluate Breadboard Model from AAFE Development. 


EXPECTED UNPERTURF^D LEVEL _5 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Development of: data inversion of Hadamard code using mini computers, data 

display and recording techniques, thermal IR standards and calibrations 
techniques. 




DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TRrHNm nr.Y RFOUIREMENT ITITLE^: 

PAGE 3 OF _L. 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



SCHEDULE ITEM 

TECHNOLOGY 

1. 

Analysis 

2. 

Design 

3. 

Fabrication 

4. 

Space Checkout 

5. 


APPLICATION 

1. 

Design (Ph. C) 

2. 

Devl/Fab (Ph. D) 

3. 

Operations 

4. 





TECHNOLOGY NEED L-nTE 

■■■■■■■□■■■■■■■■Era 

NUMBER OF LAUNCHES 

■■■■■■■■■■■■■■■■■■ 


14. REFERENCES: 

AAFE contract #NA51-1269Q 

”AS8uE Hadamard Ir.aging Spectrometer Development 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMfcINA OBSEBVi:!) AND RFrORTED. 

2. THEORY V'OKMUL^TED TO DESCRIBE PHENOMENA. 

3. THF.(Vn TESTED BY PHYSICAL : vpEKIMfcNT 

OR MATHEMATICAL MODEl., 

4 . PERTINENT FLNCTR)N OR CMAIUCTERISTIC DEMONSTRATED, 

E.C., MATERIAL. COV PON ENT, ETC. 


5. COMPONENT OR BREAi) BOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE UAHORMORY. 
e. MODEL TESTED IN AIRCRAFT ENVIRONMENT, 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPAmUTY Dr.R1VT:D FROM A MUCH LESSER 

OPERATIONAL MODEL. 

9. RELIABILITY UPGJIADINC OF AN OPERATIONAL MODEL, 

10. UFETIME EXTENSION OF AN OI’LRATIONaL MODEL. 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT (TITLE): Fraunhofer Line PAGE 1 OF 

Discriminator Imager (FLDI) 

2. TECHNOLOGY CATEGORY; Sensor ond Data Acquisition 

3. OBJECTIVE/ADVANCEMENT REQUIRED- Design and Develop an Imaging FLD 

for Space Application 


4. CURRENT STATE OF ART: ^ion^imaging helicopter flight model has been 


(developed and flight tested 


5. DESCRIUTfON OF TECHNOT.OGY 


HAS BEEN CARRIED TJ LFVEL ^ 


Large diameter collecting optics and object plane scanning system is ":o be 
adapted to the present nonimaging FLD concept to provide imaging fiom space. 
Narrow band fillers and double beam photometry techniques are combined with 
the above imaging optics to sense the luminescence of certain earth targets 
within the Fraunhofer absorption lines of the solar spectrum* 


P/L REQUIREMENTS BASED ON: QPRE-A.n A.Q B,Q C/D 
f) . IIATK ).\’AI.K AND ANALYSIS: 

1. Cross track scanning from a sun synchronous orbit can provide imagery 
(1 km footprint) of earth resources materials and pollutants 
(Chlorophyll, oils, phosphates, etc* ) • 

2m Can be useful in coastal zone pollution monitoring, plant stress in 
forestry, mineral detection in geology* 

3. Image contrasts are enhanced for materials luninescence beyond that 
normally found in material reflectance for some fluorescent materials* 


TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREMENT(TITLE) : 


PAGE 2 OF jL 


TECHNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 

1. Intervening atmospheric scattering cause contrast reduction and not 
operable in presents of clouds. 

2, Study possible single beam rather than double beam photometry 
techniques. 


9, POTENTIAL ALTERNATIVES: 


None. 


10. PLANNED PROGRAMS CR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


None. 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS; 


Narrow band '‘ilter development. 


8 : 






DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : 


NO. 

PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Analyses 

2. Design 

3. Fabrication 

4. Tect 

5. Space Checkout 






- 



1 











APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 








- 


— 

— 











1. FLD Engineering Model of Helicopter - AAFE Program 

2. Proposal for Operational Fraunhofer Line Discriminator (FLE) 
Application Study - Perkin-Elmer #11743, 12 November 1973 


WBOPUCIBIUTY 'I'Hl!; 

PAGE 18 POOR 


15. LEVEL OF STATE OF ART 

1. BASIC l^HKNOMCNA 0BSERV1:D AND HFPORTED. 

8. THEORY >X)llMULATED TO DESCIUBE niFNOMENA, 

3. THEORY TKSl'ED BY PHYSICAL EXPERIMENT 

OR NUTHEMATICAL MODEL. 

4. PERTINENT I »INCTlON OR CHAR.iCTrP’STlC DEMONSTRATED. 

E.C., MATERIAL. COMPONENT, LfC. 


8. COMPONENT OR BREA \HD TESTED IN RELEVANT 
ENVIRONMENT IN . LABORATORY, 
e. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7, MODEL TESTED IN SP.\CE E. AIRONMENT. 
e. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
operational MODEL. 

». RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
IP, MFETIME EXTENSION OF AN OFLRATIONAL MODEL. 


86 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

1. TECHNOLOGY REQUIREMENT (TITLED; Direct Fourier 
Transform Imager 


PAGE 1 OF ^ 


2. TECHNOLOGY CATEGORY; Sensors and Data Acquisition 

• 3 . OBJECTIVE/ ADVANCEMENT REOIITREn; Permit the immediate utilization of 
multiplex (Fourier) advantage as well as permit Fourier data processing on 


raw imaoR 


1. CURRENT STATE OF ART: 


UESCHIRTfON OF TECHNOLOGY 


HAS BEEN CARRIED TO LEVEL 


The Direct Fourier Transform Camera consists of an acousto-electrical light 
detector whose output in a Fourier transform of the input radiant intensity 
distribution. The technique consists of launching acoustic waves down a 
photosensitive slab. Nonlinear interaction between photons and acoustic waves 
causes a multiplication between the two. Electrical current flowing trans- 
verseJ y to acoustic wave is proportional to the Fourier component of the 
image at that acoustical wavelength frequency scanning completes the generation 
of the Fourier transform. 


P/L REQUIREMENTS BASED ON: □PRE-A.Q A.Q B,D C/D 


(). BATH )NALE AND ANALYSIS: 

The ability to do pattern recognition, to do data compression, to utriize 
multiplex advantages for signal- to-noise ratio, and to do frequency analysis 
of imagery data are all capabilities that currr“^t imaging systems do not 
possess. At present a standard image must b*: .jmated and then either 

digital or holographic techniques must be employ: u* The Direct Fourier 
Transform Imager has the potential to bridge yap be+u en the conventional 

imager and the data processor. 


TO BE CARRIED TO I ’ _ 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE) : Birect Fourier PAGE 2 OF J. 

Transform Imager 

7. TECHNOLOGY OPTIONS: 

Technology options include selection of materials, optimization for various 
wavelength bands, and utilization of various acoustic generators* 


8. TECHNICAL PROBLEMS: 

Nonlinearities must be fully explored as well as the ability to launch properly 
terminated travelling waves* Signal-to-noise must be fully understood* 


y. POTENTIAL ALTERNATIVES: 

More* 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


None# 


EXPECTED UNPERTURBED LEVEL 

11 . RELATED TECHNOLOGY REQUIREMENTS: 


None* 




DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Direct Fourier 

Transform Imager 


12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . 


PAGE 3 OF 3 



APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operatio.^ 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

Deft: Direct Electronic Fourier Transforms of Optical Imagas, Kornreich, P. G., 

et al»; Proceedings of IEEE, August 1974. 


15. LEVEL OP STATE OF ART 

1, BASIC PHENOMENA OlSEItVED .\ND RE PORTED. 

2. THEORY >OllMULATED TO DESCRIBE PHENOMENA. 

3. TKEOUY tested by physical E.XPERIMENT 

OR iVUTIlEMATICAL MODEL. 

4, PERTINENT FUNCTION OR CHARACTCRISTIC DEMONSTRATED. 
E.C., MATERIAL. COMPONENT, ETC, 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

4 . MODEL TESTED IN AIRCRAFT ENVIRON.MENT. 

T MODEL TESTED IN S. \CE E.VVIRONMENT. 

I, NEW CAPABILITY DEKIVr.D FROM A MUCH LESSER 
OPERitriONAL MODEL. 

t. REUAMUTY UPORaoINC OF AN OPERATIONAL MODEL, 
to. UFETIMB EXTENSION OF AN OPLRATtON.VL MODEL. 











DEFINITION OF TECHNOLOG Y REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Ultra Nar row Band PAGE 1 OF ^ 

Filter for Remote Sensing 

2. TFrHNOT . Of. i' CATEGORY: Sensing and Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Design and develop infrared 

bandpass fi lters of the Fabrv Perot Interference type to advance the capability 
of IR spectroradiometers for the oetection and measurement of line strengths i n 

1 ART- Visible filters have been carried to level 6 

(Ft E unhofer Line Discriminator Program) » IR filters are in the early design, _ 

~ HAS BEEN CARRIED TO LEVEL 2 

- - ~ — 

5. OKSCMn;>Tf()N OF TECHNOLOGY 

Uli 3 narrow band filter requirements for atmospheric absorption experiments: 

Wavelength range: 5 y 20y (200D cm to 500 cm ) 

4 3 "I *1 

Full width, half max* range: 3 x 10 y to 1 x 10 y (0*12 cm tp 0*025 cm ) 

Transmission: 0*50 

Optical ray cone angle: 2° 

Operating temp*: 0O°K 

By tilting the filter, limited wavelength tuning can be accomplished to scan 
several spectral lines in the IR spectrum* 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,P B,D C/D 
(> . RATK )NAl.E AND ANALYSIS: 

1* Filters to be incorporated into a differential absorption spectroradiometer 
to measure atmospheric gas composition and pollutants* 

2* Global coverage of the Earth environment from air-Sat or Shuttle* 

3* Provides greater spectral specificity and detection capability over 
present broadband filters used in LRIR or proposed LACATE sensors* 


TO BE CARRIED TO LEVEL 


cr 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT(TITLE): 


PAGE 2 OF ^ 


7. TECHNOLOGY OPTIONS: 

IR Laser tuning techniques may accomplish same measurements in differential 
absorption spectrometry* 


8 . TEC HNIC AL PROBLEMS: 

IR Material selections, design for specific wavelength filters, wavelength 
shifts with filter temperature change, integration of filter and detector 
into compatible sensing subsystem. 


9. POTENTIAL ALTERNATIVES: 

Useful as a blocking filter in laser tuning differential absorption 
spectrometry. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

None. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Requires use wfth large diameter collecting optics (1 meter) and cooled 
detector filter subsystem. 








DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 TFCHNOT OGY REOTITREMENT mTLE): PAGE 3 OF 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

00 

or 

89 

90 

91 



TECHNOLOGY 
1. Analyses 

2* Design 

3. Fabrication 

4* Ground Task 

5. Space Checkout 



- 


— 















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 






- 

— 

— 
















13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


r 





& 










TOTAL 
1 

NUMBER OF LAUNCHES 


t 















L 

LJ 

14. REFERENCES: 

15, LEVEL OF STATE 01 

1. BASIC PHENOMENA OnSEBVED 

2, THEORY >X)UMliLATED TO DESC 
2, IHEORV TESTED BY PHYSICAL 

OR NUTIIEMATICAL MODEL. 
4. PERTINENT FUNCTION OR CHAI 
E,C., MATEIUAL, COVPONEI 

A1 

^ND S 
miBE 
EX PE 

lACT 
n, E 

vr 

IE POE 
PIIEI 
RIME 

ERIST 

TC. 

tTED 

COME 

NT 

IC DF 

S. COMVONFNT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 
e. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

NA. T. MODEL TESTED IN SPACE ENX'IRONMENT. 

1, NEW CAPAmLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

'.MON8TRATED, 1, REUAMLITY UPCRAOINC OF AN OPERAT ONAL MODEL. 

IS. LIFETIME EXTENSION OF AN Ol'LRATION.M. MODEL. 


94 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Infrared Detectors, 
for Remote Sensing 


PAGE 1 OF _!. 


2 . TECHNOLOGY CATEGORY: Sensing and Data Acquisition 


3. OBJECTIVE/ ADVANCEMENT REOTITRED- Optimize detectivity, response time 
and operating temperature* 


4, CURRENT STATE OF ART; In the 1-14 micrometers range, II-VI and III-V, 

semi-conductor detectors have detectivities above 10^^ cm-Hz^-watf^ but 

require cooling to 80°K> (See p> 4») HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 


The III-V and II-VI semi-conductor detectors are available in photo-conductive 

devices or photovoltaic devices. From 1-5 micrometers, binary compounds will 

suffice. Above 5 micrometers, the peak response as a function of wavelength 

can be varied in a II-VI ternary compound (for example, Mg Cd Te and 

X 1— X 


Pb 5n^ ^ Te) by changing the ratios of the group II constituents. 


A pyroelectric detector consists of a slab of pyroelectric material having two 
opposite face areas coated with conductive layers to form a capacitor. A 
change in temperature generates a signal current proportional to the pyro- 
electric coefficient. To optimize the signal, a material should possess a low 
heat capacity, low dielectric constant, and large pyroelectric coefficient. 
Since the signal current is proportional to the rate-of-change of the temp- 
erature, this detector is more attractive than other types of uncooled thermal 
detectors for higher frequency applications. 

P/L REQUIREMENTS BASED ON: □ PRE-A,Q A.Q B.Q C/D 


. RATK )NALE AND ANALYSIS: 


These devices are used for remote sensing in earth resources missions, environ- 
mental pollution monitoring, and thermal mapping. 


TO BE CARRIED TO LEVEL ^ 


t ^ 


95 





DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TF.CHNOT.OGY REOUIREMENTmTLE^: Infrared Detectors for 
Remote Sensing 

_ page 2 of 

7 . TEC HNOLOGY OPTIONS: 



The detectivity of the II-VI ternary compc nds can be increased to the point 
where it is practical to operate these devxces at higher temperatures than 
80°K. The detectivity of the pyroelectric can be increased to 'V ID^^cmH 
watt^^# 


8. TECHNICAL PROBLEMS; 

1. Control of honogeneity in III-V and II-VI materials restricts array 
construction • 

2. Poor reproducibility of detector parameters in III-V and II-VI materials. 
3* Relatively low operating temperature ('V^0O°KO in the II-VI ternary 

materials. 

4. Relatively low detectivity in pyroelectric detectors (Cont’d., p. 4) 

9, POTENTIAL ALTERNATIVES: 

If temperatures on the order of 05°K can be achieved for the desired mission, 
it is suggested that doped silicon detectors be employed because of their 
higher detectivity in the wavelength range greater than 5 micrometers. In 
addition, the detector preamplifier can be directly incorporated with the 
device. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

RTDP# 506-18-21, “Electronic Devices and Components,” contains elements 
bearing on this technology, such as an indium antimonide CCD sensor and 
pyroelectric detector materials investigations. 


EXPECTED UNPERTURBED LEVELS 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Advancement in preamplifier performance technology; improved material growth 
technology; small volume, low power cooling systems. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT mTLE^: Infrared Detectprs for PAGE 3 OF 
Remote Sensing 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY: 

PYROELECTRIC DETECTORS: 

1. Elec. Component Des. 
Component Development 
Array or CCD Hybrid 
Fabrication 
Space Checkout 


75 


2 . 

3. 

4. 


III-V &. II-VI Compound 
DETECTORS; 


1. Materials Growth 

2. Detector Fabrication 

3. Analysis 

4. Ground Checkout 

5. Space Checkout 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


“T 

TOTAL 


14. REFERENCES: 

1. "Infrared Technology for Remote Sensing," Special Issue, Proceedings of 
the IEEE . 63, No. 1 (1975) 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY roUMltLATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

Ca MATHEMATICAL MODEL. 

4 . PERTINENT EUNCTION OR CHARACTEIUSTIC DEMONSTRATED, 
E»C«. MATEUUL. COMPONENT, ETC. 


B, COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

4 . MODEL TESTED IN AIRCRAET ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENMRONMENT. 

8, NEW CAPAmtlTY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

8. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL 
10. UFSTIME EXTENSION OF AN OPERATIONAL MODEL. 


97 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. .. 


1. TECHNOLOGY REQUIREMENT (TITLE): Intensified Solid pAGE 1 OF 

State Iniaging Device 

2 . TECHNOLOGY CATEGORY: Imaging 

3. OBJECTIVE/ ADVANCEMENT REOITTREDr Develop a low light level solid 
state imaging device by integrating a ”CID” imaging device with an imaging 
intensifier, 

4. CURRENT STATE OF ART: CID (devices have been built but have not been 

integrated with image intensifiers 

HAS BEEN CARRIED TO LEVEL 3 


5. DESCRIPTION OF TECHNOLOGY 

A technique for increasing the sensitivity of "Charge Injected Devices" (CID) 

I imaging devices in order to more completely take advantage of their ruggedness, 
j size, weight, and low power consumption# These devices will be strong 
! competitors for present low light level tube type systems# 


\ 


P/L REQUIREMENTS BASED ON: Q PRE-A,Q A.Q B.Q C/D 
RATIONALE AND ANALYSIS: 

(a) As the resolution of the solid state devices increase, devices such as 
the CID will replace tube type imaging devices# In addition, as the sensi- 
tivity of CID type devices is increased, by integration with intensifiers, 
intensified CID*s could replace tube devices on the LSI and Spacelab# 

(b) The great advantages of the solid state imaging devices are; 

1# Elimination of a heater element 

2# Very small size, compared to an equivalent tube device# 

3# Light weight# 

4# Ruggedness, due to the elimination of electrodes# 


TO BE CARRIED TO LEVEL 5 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE): Intensified Solid State PAGE 2 OF __ 
Imaging Device 

7. TECHNOLOGY OPTIONS: 

(a) Continued development and improvement in tube type imaging devices. 


8. TECHNICAL PROBLEMS: 

(a) Contamination of the CID silicon chip by materials from the intensifier 
photocathode. 

(b) Damage to the CID by high energy particles within the system. 


9. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


EXPECTED UNPERTURBED LEVEL 


r 


11. RELATED TECHNOLOGY REQUIREMENTS: 











DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Intensified Solid 
State Imaging Device 


PAGE 3 OF 


12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis &. Design 

2. Fabricate Test Model 

3. Test 

4. Evaluation 

5. Report: Results 


APPUCATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


“1 

TOTAL 


14. REFERENCES; 


15. LEVEL OF STATE OF ART 

BASIC PHENOMENA ODSERVED AND REPORTED. 

I. THEORY CUMULATED TO DESCRIBE PHENOMENA. 

S. THEORY TKSl-ED BY PIIVSICAL EXPERIMENT 
OR MATHEMATICAL MODE!.. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
L.O., MATEKIAl., COMPONENT, ETC, 


S. COMPONENT OR BREADBOAKD TESTCD IN RELEVANT 
EHVtRONMCNT IN THE LABORATORY, 

S, MODEL TESTED IN A.itCRAET ENVIROI MENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I, MEW CAPAIBLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t, BEUARILITY UPGRADING OF AN OPERATIONAL MODEL. 
M. Uri;TIME EXTENSION OF AN OrERATION.XL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Infrared Imaging PAGE 1 OF 4 

Devices Based on Charge Coupled Device Concepts (Hybrid and Mono lithic ) 

2 . TECHNOLOGY CATEGORY: Infrared Sensors and Image rs 

o . OBJECTIVE/ ADVANCEMENT REQUIRED! Increased Spectral Resolving Power, 

Angular Resolving Power as well as Increased Sensitivity with Additional 
Features of on Chip Signal Processing and Flexibility of Signal Manipulation > 

4 , CURRENT STATE OF ART: Hybrid infrared CCD devices are in the develo p^ir .c 
stage (1^12 micrometers) and system problems are being worked^ Monolithic 
devices are in the first stages of research# HAS BEEN CARRIED TO LEVEL5/4 

5. DESC'HIUTION OF TECHNOLOGY Hybrid Infrared CCD de\ ices are infrared 
detectors mated to silicon CCD signal processors. Basic problems concern the de- 
sign of the coupling method of the detectors to the silicon CCD in a sandwich 
type arrangement on the focal plane of an optical system. Signal processing, 
timing sequence, background, dynamic range, and uniformity of response are being 
worked in both a materials and a systems sense. In monolithic infrared CCD de- 
vices the entire MIS (metal-insulator-semi-conductor) fabrication process is be- 
ing worked for compatibility and stability of detectors, FET*s, diodes and CCD 
development. The state of the art being that charge transfer has just been dem- 
onstrated for the first time in the InSb infrared detector material. Basically 
the technology is that of developing a silicon LSI process for the infrared ma-» 
terial being used that satisfies all the microelectronic fabrication require- 
ments ss well as the infrared detector response requirements. 

Hybrid infrared detector systems currentj.y being developed by the DOD are InSb 
and HgCdTe. With research underway by numerous groups on the hybrid detectors 
fuch .s PbS, 

f>. rationale AND ANALYSIS; These devices are of the Fecal Plane Array types 
utilizing the low cost, hi^' reliability, minimal size, weight and power consump- 
tion associated with the micro-electronic concepts LSI silicon technology. These 
devices offer a new concept in increased sensitivity utilizing the Time Delayed 
Integration (TDI) concept (a signal summation process where the S/N ratio has 
been shown to increase by the N; where I\l is the number of detectors). In addi- 
tion due to signal processing capabilities on the chips increased versatility and 
complexity of signal manipulation is gained as well as decreased capacitance of 
the devices which usually decreases the overall noise of the system. Infrared 
systems provide a day and night time measurement capability. 

Requirements for devices of the above types are based on new and improved infra- 
red measurement techniques needed in the following categories: 

A. Inf 'ared Imaging for Geological Experiments Concerning Classification 
and Typing of Mineral Deposits in the Exploration of New Mineral Re- 
sources Throughout the World. 

B. Atmospheric Temperature Sounding for Weather Forecasting utilizing the 
4.3 micrometer CO 2 Band. 

C. Estimate of Fractional Cloud Cover in distinguishing between clouds and 
water surfaces in both the day time and night time (maximum difference 
between cloud and water surface emittance occurs neaj* 4 micrometers). 

(Cont*d. on p. 4) TO BE CARRIED TO LEVEL 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): Infrared Imaging Devices PAGE 2 OF i. 

Based on Charge Coupled Device Concepts (Hybrid and Monolithic) 

7. TECHNOLOGY OPTIONS: 


The alternative approach woild be to continue to develop systems of single de- 
tectors which utilize a rocking mirror. TDI could be utilized which would in- 
crease the detector sensitivity. No alternative system approach exists that 
offers the versatility and promise of performance improvements that is comparable 
to hybrid or monolithic infrared imaging devices based on CCD concepts. 


8 . 

1 . 

2 . 

3. 

4. 

5. 

6 . 


9 . 


TECHNICAL PROBLEMS: 

Fabrication of the monolithic MIS structures. 

Identification of MIS monolithic devices with low interface state densities. 
Development of readout devicesy FET's, diodes, etc. in monolithic systems. 
Fabrication of a hybrid monolithic sandwich structure utilizing detectors 
and silicon CCD's. 

Reduction of nois' problems due to lead in contacts from detectors in Hybrid 


B^lermlnation _of_clocJ<ijTg^^_6«2i^^ 
POTENTIAL ALTERNATIVES: 


si2nal__condition_^and_groce8sin2_^^ 

ogy. 


Utilize multiple wavelength scanning by prisms or diffraction grating after 
scan achieved with rocking mirror or scanning mirror concept. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP ^ 506-18-21 "Electronic Devices and Components" has a current modest level 
of funding for the development of monolithic infrared imaging devices besed on 
CCD concepts. Work in this area could easily be expanded to develop a specific 
hybrid infrared CCD infrared imaging system for the 1-5 micrometer region which 
could be availsble fcr an experimental flight for one of the abeve mentioned 
categories of experiircnts in approximately 3-4 years. Increased funding would 
of course be needed. EXPECTED UNPERTURBED LEVEL _5_ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Increased data handling capabilities would be needed to handle expected increased 
infrared imaging data that would be available in terms of a variety of spectral 
information as wexl as increased elemental ground resolution. Night time data 
would also be available which would increase the data handling requirements. Due 
to the signal processing capabilities of CCD structures, increased complexity of 
systems might be required if on board data processing wore undertaken to decrease 
the amount of data transmitted back to earth. 











■ ' DEFINITION OF T ECHNOLOGY REQUIREMENT 

1. TECHNOLOGY REQUIREMENT (TTTT.F.)- Infrared Imaging Devices PAGE 3 OF _4_ 
Based on Charge Coupled Device Concepts (Hybrid and Mnnoli+.lij.c) 

1 2 . TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

TECHNOLOGY 

(Monoxithic) 

1. Analysis of Structure 

2. Improved design 

3. Linear Array l ab. 

4. Ground Checkout 

5. Aircraft Evaluation 
(Hybrid) 

1. Device Design &. Fab. — 

2. System Design &. Fab. 

3. Dev. &. Sys. Integrate ~~*i ~~ ***~ — — — — — n- 

4. Aircraft Evaluation ____ 

.iPPLICATION 

Geology Experiments 

2. Atmos. Temp. Sounding 

3. Pollution Mapping 

4. Planetary Astronomy I 


13. USAGE SCHEDULE: 







TECHNOLCXIY NEED DATE 














TOTAL 

NUMBER OF LAUNCHES 







mmm 

MM 

tmmm 

■M 

mmm 


MM 

ir 


14. REFERENCES: 

1. Infrared Detectors in Remote Sensing^ H. Levinstein and J. Mudary Proceedings 
of the IEEE, January 1975, page 6, 

2. Imaging Devices Using the Charge Coupled Concept, 0. F« Barbe, Proceedings of 
the IEEE, January 1975, page 38. 

3. Application of Charge Coupled Devices to Infrared Detection and Imaging, A. J. 
Steckl, R. D. Nelson, B. T. French, R. A. Gudmundsen, and D. Schechter; Proceedings 
of IEEE, January 1975, page 67* 

4. Cherge Coupled Infrared Imaging Device (CCIRID) Feasibility Study, NASA CR» 
13<.)B3, December 1973, R. D* Thom and R« E. Eck. 

5* Symposium on Charge-Coupled Device Technology for Scientific Imaging Applica- 
tions, JPL SP 43-21, March 1975. 

ami. vr full nmaiaurWtiKiumatm. 

1. BMIC PNSNOMISNA OBBERVbD AMO nerORTEO. t. MOPELTfiT^ ’^^OltCRArTSMyiltiamitENT. 

t. THEORY rOlIMVLATCD TO DESCRtBE mKOMBHA. T. MOBttTrSial- EkVIROKMEKf. 

t. THEORY TEmD BY PMV«ICAL EXKRIMKNT •. MRYF CAPlAV.i tf> FROM A MOCH UMKR 

OR MAniEMATtCAL MOPEL. OTKRlTluf..^ ......ivL. 

4 . PEKTIMCNT rVKCTiON OR CHARACTERtmC DEMOtMTltATEO. E, MUANL UMNO OE AN OREKATIONA^ MOMCl 

E.C.. WATEMm., COMPONENT, ETC. U. UWtTI>*r C rCNEtON Or AH OM.'RATION.Yt. MODEL. I 





DEFINITION OF TECHNOLOGY RFQ» .{EMENT 


NO, 


1 , TECHNOLOGY REQUIREMENT (TITLE); Infrared Imaging PAGE 4 OF^ 

Devices Based on Charge Coupled Device Concepts (Hybrid and Monolithic) 



6. RATIONALE AND ANALYSIS: 


D« Pollution Sensing of Pollutants Spectral Signatures at Various 
Wavelengths* 

E* Planetary Astronomy Spectral Imaging such as 5 micrometer Methane 
bands of Saturn* 

F. Spectral Infrared Imaging Applications 1-20 micrometers region* 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT (TITLE): Optimization _oL 
Infrared Radiation Detection 


PAGE 1 OF ^ 


2. TECHNOLOGY CATEGORY: Infrared Detectors 


3. OBJECTIVE/ ADVANCEMENT REQUIRED: Reduction of low temperature opera>» 
tional requirements for infrared detectors 


4. CURRENT STATE OF ART: Low noise tri^metal detectors - operate at 

temperatures no hiqher than 90°K as typified by 5191 on Skylab* 


HAS BEEN CARRIED TO LEVEL 


5. DESC RUCTION OF TECHNOLOGY 

To generate usable signals in long wavelength infrared detectors, the detector 
must be cooled to terr^ '•ratures near 77°K* Operation at higher temperatures is 
limited because of the presence of inherent thermal noise. Frequently, the 
cooling process introduces a significant amount of noise. The use of liquid 
nitrogen cooling is inconvenient, and can be hazardous to personnel. It is 
suggested that a low-noise, moderate temperature detector may be developed 
through a methodical computer aided research program in terms of general 
material, environmental, and impurity considerations such as band structure, 
transport properties, and temperature. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A,D B.Q C/D 


r> . liATK )NALE AND ANALYSIS: 

(a) Relaxed temperature requirements for infrared detectors are required so 
that weight and power consumption required for cooling may be reduced and 
flexibility may be expanded. 

(b) Low altitude and orbital earth observation remote sensing systems will 
benefit from this technology. 

(c) Mechanical refrigerators of liquid nitrogen cooling devices severely 
limit the flexibility and the operating time’ of infrared detection systems. 

(d) This technology advancement will be a new capability derived from 
present infrared detector technology. 


TO BE CARRIED TO LEVEL 2 







DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TECHNOLOGY REQUIREMENTmTLEk Optimization of Infrared PAGE 2 OF A 

Radiation Detection 

7 TECHNOLOGY DPtIoNS: ' 


An alternative to moderate 
means of cooling detectors 
as by cryogenic adsorption 
closed cycle and free from 


temperature detectors would be to find a suitable 
to low temperatures by non-mechanical means such 
pumping techniques. This type system would be 
the noise generated by a mechanical pump. 


8. TECHNICAL PROBLEMS: 

1. Processing or fabrication problems. 

2. Environmental considerations. 

3. Mathematical expression of a generalized detector. 


9. POTENTIAL ALTERNATIVES: 

Investigate detector characteristics as related to fundamental material 
properties separately as well as in combination. 


10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL _2 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Low-noise pre-amplifiers 

Design cryogenic refrigerators with less stringent cold temperature 
requirements. 




DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Optimization of 
Infrared Radiation Detection 


PAGE 3 OF 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis 

2. Mathematical Model 

3^ Fabrication Techniques 
Developed 

4. Fabrication 

5. System Integration 

6. Testing &. Documenta- 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



2 2 3 



jineerino by Richard D, Hudson, Jr«, 1969 


15, 1.EVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSERVED AND REPORTED, 

2. THEORY FORM ULATEO TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR ^UTIIEMATICAL MODE!., 

4 . PERTINENT KCNCTION OR CIURACTERISTIC DEMONSTRATED 
E.C,, MAT ERUL. COMPONENT. ETC, 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 

6. MODEL TESTED IN AIRCRA^ ENVIRONMENT. 

?. MODEL TESTED IN SPACE ENMRONMENT. 

8 . NEW CAPAHILITY DERIVED TROM A MUCH LESSER 
OPERATIONAL MODEL. 

f. REUABILITY UPGRADINC OF AN OPERATIONAL MODEL, 
to, UFETIME EXTENSION OF AN 01 LRATION \L MODEL. 


108 












DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Near Infrared (l to B ) PAGE 1 OF 3 

Imaging Sensor Dax/eloDment for Multispectral Imaging for Planetary and 

2 . ^ ^ : Improved Sensor and Detector Technology 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Develop hybrid CCD line and area 

array detectnrfi which have_ the desired in frared detector such as PbS^ _In5b> 

etc.y deposited on the photosensitive area of the CCD# 

4. CURRENT STATE OF ART; Custom hybrid detectors of this nature have been 

prnduned for military application by sever al companies (including Hughes^ 

qBRr T T). HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

Although several companies are working on hybrid CCD detectors with near- 
infrared sensitivity, no detectors suitable for multispectral imaging applica- 
tions for planetary and Earth application flight hardware are available. 


P/L REQUIREMENTS BASED ON; □ PRE-A,D A,Q B,D C/D 

G. RATK )NALF AND ANALYSIS: 

a. A hybrid CCD detector which has sensitivity in the 1 tc. By spectral 
region coupled with specific on-board spectral filtering, ratioing, or simi- 
lar on-board processing has the advantage of strong absorption and radiative 
characteristics for many multispectral imaging applications, 

b. Both Earth and planetary multispectral imaging application can iitilize 
this extended spectral region and at the same time have the advantages of 
the CCr pj.ocessing logic, the large dynamic range, and optimum quantum effi- 
ciencies, Shuttle payloads and some planetary instruments proposed for LPO 
and "jU would utilize this technology, 

c. The advantages of the CCD in low-power, low-weight, high-sensitivity 
sensor technology could be complemented with the extended spectral sensitiv- 
ity range offered by the hybrid CCD detector, 

d. This t3chnology advancement should be incorporated into specialized 

multispectral imaging and analysis systems which could be experimentally 
demonstrated on an early Shuttle flight. This Shuttle experience would be 
used to optimize instr jmentation for Lunar and Planetary investigation 
applications, TO BE CARRIED TO LEVEL 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1. TECHNOLOGY REQUIREMENT(TITLE): Near Infrared (l to 8^i ) PAGE 2 OF ^ 
Imaging Sensor Development for Multispectral Imaging for Planetary and 
,lBr.i:p.at.ria1 App.linat^^ng ^ _ _ „ _ _ 

7, TECHNOLOGY OPTIONS: 

These hybrid CCD detectors using the strong signatures of many surface materials 
and atmospheric absorptions in the near- infrared could be incorporated in 
systems which incorporate simple on-board processing to enhance the present 
multispectral imaging systems. 

The present development of higher resolution non-CCD linear diode arrays with 
sensitivity in the near- infrared ultimately is limited by the number of 
individual wires which can be attached to an individual chip. The efficient 
on-chip amplification and readout capabilities of the CCD, can simplify the 
design of these instruments and at the same time, keep the low-power and low- 
weight helpful parameters. 


8. TECHNICAL PROBLEMS; 


These detectors may ta radiation sensitive. 


9. POTENTIAL ALTERNATIVES: 

Technical alternatives involve the use of image converters and intensifiers 
with special photosensitive surfaces. This well-known technology is not 
condusive to low-power, light-weight system design. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP # ___ "Specialized Multispectral Imaging and Analysis 

System" could be expanded in scope to incorporate the near-infrared hybrid 
CCD detectors. 


EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

CCD Detector Technology On-Board Processing 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TTTT.E)r Near Infrared (1 to B)j) PAGE 3 OI 
Imaging Sensor Development for Multispectral Imaging for Planetary and 
Tft T»irpc+.T>i ai Appliratinns ' ■' 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. 

2. 

3. 

4. 

5. 




















APPUCATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 





















13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 

— 

□ 















— T 

TOTAL 
— 1 

NUMBER OF LAUNCHES 


□ 












mmmm 



u 



14. REFERENCES: 


Proceedings of the Symposium on CCD Technology for Scientific Imaging 
Applications, March 6 and 7, 1975. 


Various publications by Alex Goetz. 




15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND .REPORTED. 

S. THEORY CUMULATED TO DESCRIBE PHENOMENA. 

8. THEORY TESTED BY PHYStCAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 
E.O.. MATERIAL. COMPONENT. ETC. 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

4 . MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SP.ACE ENVIRONMENT. 

8 . NEW CAPAWLITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

8. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. UFETtME EXTENSION OF AN OPERATIONAL MODEL. 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Radiative PAGE 1 OF _1_ 

Refrigeration Design 

2. TECHNOLOGY CATEGORY: Infrared Detector Refrigeration 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Increased sensitivity of infrared 

systems used in orbital applications for remote sensing of environment, 


4. CURRENT STATE OF ART; Several designs for passive systems have been 

used, but evaluations and design tasks have not been attempted for lack of 
opportunity^ HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

The sensitivity of infrared detectors is dependent on the attainment and 
maintenance of very low temperatures - near liquid nitrogen# The 
practical approach to this requirement for long term missions is to 
utilize passive radiative refrigeration systems# The operation of these 
hinges on the temperature difference between outer space and the object 
requiring cooling# Several designs have been used in an attempt to 
accomplish the required results# These efforts have met with moderate 
success# A new system based on a comprehensive evaluation of current 
approaches concurrent with a design effort would provide increased 
infrared detection sensitivity# 


P/L REQUIREMENTS BASED ON: QPRE-A.n A.Q C/D 

fi. UATIONALE AND ANALYSIS: 

(a) Currently used infrared detectors require temperatures in the range 
of 00 degrees kelvin# 

(b) Development of this system would benefit satellite designs of the 
ERTS-C type# In some applications, the Themmatic Mapper would benefit# 

(c) Present designs provide temperatures in the 195°K range with 
theoretical predictions down to about 100°K#. Improvements would result 
in greater ground target thermal resolution, probably by an order of 
magnitude# 

(d) This technology advancement should be carried to an experimental 
demonstration in an eaJ ly Shuttle flight# 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Radiative Refrigeration 
Design 


PAGE 2 OF ^ 


7. TECHNOLOGY OPTIONS: 


The effectiveness of passive refrigeration devices relate to the ability 
of the system to radiate into outer space. This is a materials, as 
well as a geometry problem. It is proposed that a pallet of several 
designs be simultaneously evaluated in a modular/adjustment configuration 
permitting real-time interactive modifications. 


8* TECHNICAL PROBLEMS: 

1. Thermal path between infrared detector and refrigeration system* 

2. Ability of system to radiate into outer space (Radiator Design), 

3. Pointing of system into outer space. 


9. POTENTIAL ALTERNATIVES: 


Possibly using adsorptive pumping techniques using solar energy for 
power input in a conventional refrigeration cycle. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


Current research by JSC for development of adsorption pumping techniques 
for use in cryogenic refrigeration purposes. 


EXPECTED UNPERTURBED LEVEL 


11 . RELATED TECHNOLOGY REQUIREMENTS; 


Infrared detector technology, low temperature technology, remote 
sensing technology. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1. TECHNOLOGY REQUIREMENT mTLE^; Radiative Refrigeratio n PAGE 3 OF _1_ 
Design 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDUI.E ITEM 


TECHNOLOGY 

1, Analyses 

2. Mechanical & Thermal 
Design 

3* Fabrication 

4. Test 

5. Documentation 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


3. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



2 3 2 


14. REFERENCES: 


•'Infrared System Engineering" by Richard D. Hudson, Jr. 1969 


15. LEVEL OF STATE OF ART 

I. BASIC PHENOMK^^«HERVIlD AND REPORTED, 
t. THEORY roH»<I'|.4tED TO DESCRIBE PHENOMENA. 

S. THEORY TRSa«D BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4. pertinent KUNCTION or CHARACTERienC DEMONSTRATED, 
E.O.. MATEIUAL, COMPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

S. MODEL TESTED IN AIRCRAST ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMEN'r. 

I. NEW CAPAIHLITY DERIVED FROM A MUCK LESSER 
OPERATIONAL MODEL. 

S. RELIABILITY UPCRADINC OF AN OPERATIONAL MODEL. 
10. UFETIMB EXTENSION OF AN Ol'ERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 TECHNOLOGY REQUIREMENT (TITLE) : Near-UV ^200 to 4^0 nm) PACE 1 OF 
and Visible Multispectr^l Imaging Investigatxons for Ter-estrial Pollutxon 
and Planetary At mospheric Measurements 

2. 'nrrHMr^T.nriY r.ATF.nORY; Photo-Detection of Atmospheric Pollutants 


3. OBJECTIVE/ ADVANCEMENT REOTITRED: Use multispectral imaging to attempt 

photo-detection of atmospheric pollutants such as 502. 

4. «"nnnPiMT STATE OF ART- Laboratory spectral data illust rate the sxgnature 

of several gases including 502 > 03 > and ND2i which have strong absorp cions in 
the near-UV and visible. 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

This technology would be to identify stationary sources of emissions 
detectable by near-UV spectral imaging which can possibly be correlated 
with atmospheric pollution. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B,D C/D 

6. RATIONALE AND ANALYSIS: 

(a) The near-UV spectral imaging is an area of scientific investigation 
that has had very little previous investigation. 

(b) The Mariner 10 images of Venus taken in the near-UV give a striking 
example that UV imaging is a viable means of gathering atmospheric 
data. 

(c) By expanding the multispectral techniques currently being carried 
out under RTOP 645-30-08 to the near-UV, this task could easily be 
demonstrated on an early Shuttle flight, since the system could 

be built up with existing technology. 


TO BE CARRIED TO LEVEL 






8. TECHNICAL PROBLEMS: 

Ultraviolet requires stricter cleanliness in overall handling in order 
to ensure organic contaminants do not mask out potential signal, 

9. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXDGY ADVANCEMENT; 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 
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targe te., 


5. DESCKJ!’T[ON OF TECHNOLOGY 


HAS BEEN CARRIED TO LEVEL 


Multispactral Padionieier = <. -.ns radiation collector, diffracting 

grating radiation dispersing sys't-ii., -'.lage disector cathode ray tuba datector, 
electron beam scarining, cross tr;,<::k scanning to provide spatial imagery, 20 
spectral bands, spectral range O.i to 0.8 microns, no moving parts, fast 
scan rate, high signal to noise .v^+io for water targets. Enhances spectral 
and radiance contrast of week gradients in water reflectance characteristics. 
Allows detection of pollution, algae, sediment, surface anomollies, etc. 


P/L REQUIREMENTS BASED ON; □ PRE -A,P A,D B.Q C/D 

6. [RATIONALE AND ANALYSIS; 

Current MOCS program is developing water signature and water related 
target spectral radiance signatures. This work relates to ocean and 
coastal water targets including pollution, sedimentation, algae, chemicals 
and toxic waste, oil, etc. This information will provide the above 
requirements for the development of an advanced space flight MOCS, 

Davelopment of oensors, data analysis techniques and display methods 
should be carried tc completion for evaluation on Shuttle. 


TO BE CARRIED TO LEVEL 






U. RELATED TECHNOLOGY REQUIREMENTS; 


/ 





DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 . TEC HNOT.OGY REOUIREM ENT ITITLE) : 

PAGE 3 OF _1_ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. 

Analysis 

2. 

Design 

3. 

Fabrication 

4. 

Space Checkout 

5. 


APPLICATION 

1. 

Design (Ph. C) 

2. 

Devl/Fab (Ph. D) 

3. 

Operations 

4. 


IQ 

USAGE SCHEDULE: 



TECHNOLOGY NEED DATE 


NUMBER OF I.AUNCHES 


14. REFERE.NCES: 



15. LEVEL OF STATE OF ART 

1. BASIC PHKNOMBNA OBSERVED AND RErORTED. 

2. THEORY >X3HMITLATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAI. MODEL. 

4 . T'ERTINENT function or CHARAC l’ERlSTlC DEMONSTRATED, 

E.C.. MATERUL. COMPONENT, ETC, 


B. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

::nvironment in the laboraiory, 

6. model tested in aircraft environment. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

S. NEW CAPAmLlTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OrLRAT|ON.\L MODEL. 


amoDi!CiB&Jiv ov ihg 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Coastal Zone Resource PAGE 1 OF _3_ 


Imaoer 


2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Permit low earth orbit monitoring 
of coastal zone characteristics by an instrument optimized for such measure-* 


mentSy utili^:ing solid state detectors only# 


4. CURRENT STATE OF ART: Instruments exist which can measure some of the 

desired chr.racteristics but no coordinate instrument exists for coastal zone, 

HAS BEEN CARRIED TO LEVEL 4 


5. DESCRIPTION OF TECHNOLOGY 

The coastal zone resource imager consists of a four part imaging system, 
all solid state# Part one is a visible color and false color IR section 
(0#4|ito l#3p ) high resolution imager# Part^ two is a multichannel medium 
resolution visible and near infrared spectrometer imager with tailored 
wavelength bands for the region D#4 p to l.lp ) high resolution imager# Part 
two is a multichannel medium reolution visible and near infrared spectrometer 
imager with tailored wavelength bands for the region 0.4 p to 2.7y ♦ Part 
three is a thermal mapper in the band, and part four is an ultraviolet 
and Fraunhofer line discriminator imager. 


P/L REQUIREMENTS BASED ON; Q PRE-A.Q A,Q B.Q C/D 


6 . RATK )NALE AND ANALYSIS: 

A coordinated instrument of this type would operate as a Shuttle payload such 
as the AIL concept# The coastal zone resource imager would permit the rapid 
acquisition of information concerning variations in temperature of ocean 
masses near shore areas, the variation of shoreline geclogy, chlorophyll, and 
sedimentation and the effects and extent of chemical and thermal pollution. 


TO BE CARRIED TO LEVEL _ 


; t -* 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE); Coastal Zone Resource PAGE 2 OF 
Imager 



8. TECHNICAL PROBLEMS: 

The basic concept of linear array pushbroom scanners has b -er demonstrated , 
but the extension of this technology to multiple detector material 
technology in one package would require utilization of back-up technology 
options* 

9. POTENTIAL ALTERNATIVES: 

A bore-sighted combination of some already developed might be feasible 
though optimization for coastal zone measurement would be difficult* 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXIGY ADVANCEMENT: 

MOCS 

Reconofax 

FLD 

EXPECTED UNPERTURBED LEVEL f 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


Jr 


NO. 

1. TECHNOLOGY REQUIREMENT rTlTT.E^; Coastal Zone Resource PAGE 3 OF 3 
Imager 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

— 

88 

89 

90 

91 


i 

TECHNOLOGY 

1. 

2. 

3. 

4. 

5. 




















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph, D) 

3. Operations 

4. 






















13. USAGE SCHEDULE: 

1 1 1 — I — I — 3 — > — I — I — I — I — I — I — I — I — I — I — r 


TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


14. REFERENCES; 


TOTAL 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY CUMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESl’ED BY HIYSICAL EXPERIMENT 

OR MATHEMATICAL MODEI.. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL, COMPONENT, ETC. 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AlRCRAi<T ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMEI T. 

8. NEW CAPAHILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

8, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
10. UFETIME EXTENSION OF AN OPLRATIONAT. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

HBBaiBBSBS^BBSSBBaSaSBSSSSSBSSSSSBSBBSaBB^BBaSSSSSSBBSS^B^BaBSaSSaBBSaBSBSaBBaaaS 

1. TECHNOLOGY REQUIREMENT (TITLE): Develop Remote PAGE 1 OF_^ 

Turbidity Monitoring Instrumentation 

2. TECHNOLOGY CATEGORY: Environment (Marine) 

3. OBJECTIVE/ ADVANCEMENT REQUIRED-. Develop fast, remote me ^thods of 
measuring seawater turbidity for oceanographic studies and satellite 
interpretations. 

4. CURRENT STATE OF ART; A second generation optical backscatter 

turbidity system is being assembled with field tests scheduled for the 
summer (1975), HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

A transceiver consisting of a laser ^ urce and a telescope/photomultiplier 
detector xs being used to study backscatter by a natural body of water. The 
incident laser beam is linearly polarized whereas the backscattered li^M; 
is somewhat depolarized. This depolarization is attributable to multiple 
scattering by the suspended material in the water. Thus as the water becomes 
more turbid, the degree of depolarization increases. 

The instrument being evaluated uses a 10 milliwatt CW argon-ior. laser, an 0” 
telescope collector, and a polarization analyzer. It is designed to operate 
from an altitude of 100 meters and to measure beam attenuation (turbidity) 
over a range of 1 to 10 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A. □ B.Q C/D 

6. RATIONALE AND ANALYSIS: 

(a) NASA-NOAA satellite interpretation will be aided by a capability to 
measure turbidity, by simultaneous aircraft underflights. The LaRC ALOPE 
Program for Remotely Sensing Chlorophyll requires simultaneous turbidity 
measurement for calibration. 

(b) In general the capability for measuring turbidity from aircraft should 
benefit geologists and oceanographers who now do the work from shipboard. 

The system being developed is simple and inexpensive and will be usable 

by r.on-experts with limited funds. 


TO BE CARRIED TO LEVEL ^ 







DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE): Develop Remote Turbidity PAGE 2 OF 
Monitoring Instrumentation 

7. TECHNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS; 

The main problem in this technique is to establish a calibration curve for 
depolarization vs. turbidity. Field tests in various bodies of water will 
have to be performed to determine if a universal curve is possible, or 
whether several curves for various water types are necessary. The relationship 
between beam and diffuse attenuation coefficients must also be determined. 


y. POTENTIAL ALTERNATIVES: 

CJuantitative Sediment Determinations using Multi-^Spectral Data. Johnson/NASA LRC 
Laser - Tyndall Scattering Techniques. Hirschberg and Bland University of Miami/ 
KSC RTOP 177-70-91 

Short Pulse Laser Time Delay Techniques. J. 5hannon/NADC 
Additional Depolarization Studies (Lab) - Mayo/Texas A & M 

- Granatstein/Bell Labs 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


RTOP 506-10-12 is presently funding this work. 


EXPECTED UNPERTURBED LEVEL 6 


il, RELATED TECHNOLOGY REQUIREMENTS: 



DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Develop R emote Turbidity PAGE 3 OF 




12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

IComponent Tasks 

Fabrication 

3 Array Ground Task 


APPUCATION 

1. Desiga (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGV NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 





LEVEL OF STATE OF ART 


I. RAMC PHIiNOMeNA OBSERVED AND RErORTED. 
t. TlitORY hOHMULATED TO DESCRIBE PHENOMENA, 

S. THEORY TESTED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL, 

4. PERTINENT FUNCTION OR CltAR/.''TER18TIC DEMONSTRATED, 
E.C., MATEIIUL. COMPONENT, BTC. 


S. COMPONENT OR BREADBOARD TESTED W RELEVANT 
ENVIRONMENT IN THE LARORATORY. 

S, MODEL TESTED IN AIRCRAFT ENVIRONMENT, 
t, MODEL TESTED IN SP.YrE ENVIRONMENT. 

S, NEW CAPAIELITY DERIVED FROM A MUCH LESSER 
operational MODEL. 

s. reuabiuty upgrading op an operational model. 

IS. UFSTIME EXTENSION OF AN OI'LBATIOH.M. MODEL. 




W" 








It 
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DEFINITION OF TECHNOLOGY REQUIREMENT 
1. TECHNOLOGY REQUIREMENT (TITLE): Develop Remote 


in ^ AGE 1 OF 


2. TECHNOLOGY CATEGORY: Environment (Marine) 

3. OBJECTIVE/ADVANCEMENT REQIITR ED- Develop fast, remote methods of measur - 
ing salinity over large bodies of water for oceanographic studies and satellite 

interpretation > 

4. CURRENT STATE OF ART: A laser optical backscatter method has been shown 


to be successful in the lab. 


prototype field system has been constructed ancj 
HAS BEEN CARRIED TO LEVEL 5 


5. DESCRIPTION OF TECHNOLOGY 

A pulsed Nd:YAG laser and a double monochromator system are being developed to 
measure the backscattered Raman return from the sulfate ion (50^), Since SO^ 
is in constant proportion to the other salts in the sea, it can be used as a 
measure of the salinity. The Raman water return is used as an internal standards 

Depth penetration decreases exponintially as turbidity increases, therefore 
penetration can vary from 40 ft* in coastal waters to as little as 1 to 2 ft, in 
highly turbid environments. Depth resolution is approx* 1 *5 m and surface res- 
olution may be about 1 M^, i 

The expected precision is 10 to ^ 5 %, however an uncertainty of 20 to 25 % would 
still yield useful information on large frash water inputs into extuarines from 
storms and hurricanes* 

P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B,D C/D 
f>. RATIONALE AND ANALYSIS: 

NASA-NOAA satellite interpretation require a knowledge of these quantities at 
many location around the globe* 

It is expected that this system will be useful in dynamic estuarine environments 
where large changes in salinity over short periods of time can occur due to fres^ 
water, runoff, tides, and intermitent phenomenon such as storms and hurricanes* 
(These short term salinity variations are difficult to monitor using shipborne 
in situ equipment)* 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): Develop Retrote Monitoring PAGE 2 OF 2. 

Techniques for Ocean Salinity 

7. TECHNOLOGY OPTIONS: 

Older, conductivity analyses are regularly used by oceanographers, but are too 
slow for comprehensive comparisons with satellite data* 

The only other remote technique now being developed is wave which is limited 
by surface resolution and depth penetration* The y wave, however, does offer 
all weather capability* 


8 . TEC HNIC AL PROBLEMS: 

A strong, spectrally broad fluorescence from unknown constituents in the 
water can limit salinity measurement* This background level must be measured 
under a variety of field conditions before the utility of this technique can 
be assessed* 


9, POTENTIAL ALTERNATIVES: 

The y wave system is another remote measurement technique being developed 
for salinity, but does not penetrate to any appreciable depth, 

Laser-Raman Scattering Technique also by Hirschberg and Bland, University of 
Miami/KSC KSC RTOP 177-70-91 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 506-10-12 is presently funding this study* 


EXPECTED UNPERTURBED LEVEL £ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Development of reliable high power pulsed lasers* 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1. TECHNOLOGY REQUIREMENT (TTTT.E); Develop Remo te Monitoring AGE 3 OF _ji_ 

Techniques for Ocean Salinity i..,- 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


SCHEDULE ITEM 

TECHNOLOGY 

1. Component Tasks 

2. Array Fabrication 

3. Array Ground Task 

4. Array Space Checkbut 

5. 

APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 

13. USAGE SCHEDULE: 


CALENDAR YEAR 





TECHNOLOGY NEED DATE 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

1 

■ 

■ 

OTAL 

NUMBER OF LAUNCHES 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 



. 14. REFERENCES: 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED, 
t. THEORY >X)l»tULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL. EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT ('UNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C.. MATEH.'..L, COMPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT, IN THE LABORATORY, 
t. MODEL TESTED IN AIRCRAFT ENVIRONMENT, 
y. MODEL TESTED IN SPACE ENVIRONMENT. 

S. NEW CAPAIELITY DERIVED FROM A MUCH LESSER 
OPIRATIO.NAL MODEL. 

t. REUAHUTY UPORADINC OF AN OPERATIONAL MODEL. 
14. UFSTIMB EXTEMSKMi OF AN OI'ERATION.VL MODEL. 









DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT (TITLE): , 


PAGE 1 OF 2 


2. TECHNOLOGY CATEGORY; imprnvRH tniiH--i~epBr-hT-a1 imaging aye+.Btn Hpbi fjn fnr 
3 .®'^6!rj1j6ttv^/XiWi'?feEMENT REQUIRED: .System studies for low-weight optics < 




tical svstems to optimize a multi-spectral imaqinq system for planetary and 


J'elescoDBs de^ianed for remute sensina on unmann 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 


Multi-spectral imaging systems have extended the desired operating range from 
near UV to near IR (.25 to 0y )• Present optical systems flying on planetary 
and Earth orbiting missions do not have this wide spectral transmission 
throughput* 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.Q C/D 
0 . RA TK )NA 1. E A ND ANALYSIS: 

a* Improved scientific instrument design for light-weight and low-power sub- 
systems# The applications also require large spectral range for optics# 

b# All reflective optical system design trade-offs can possibly improve the 
present optical designs for multi-spectral imaging instruments# 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENTfTlTLEL Multi-spectral imaging PAGE 2 OF JL. 


System 5tudie^< for Planetar 




7. TECHNOLOGY OPTIONS: 

An alternative to broad spectral optics would be to have multiple telescopes 
to cover the desired spectral range. This would not be cost-effective in the 
long run. 


8. TECHNICAL PROBLEMS: 

Focal plane will be significantly different throughout the spectral range. 


9. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL _ 


11. RELATED TECHNOLOGY R .QUIREMENTS: 
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DEFINITION OF TECHNOLOGY RriQUlHEMENT 


NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Real-TiiriB. Dn-Board Data PAGE 1 OF 

-P.-rnr-Rgaing and Anal-ye-i a I Ici ng Mji-yrtpynraoQfVP +'r,T i^pani i -roH Mn1 + ■} ^^par‘+7^a^ 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: JilaaJLjafll=±ima_ p-rnnRflging ci'F 

■ fipeetraj imaging ria-ha fnT’ aingla T-a+ina anrl/nT- Hi -FfaT^anriaa nr aparf.-pal rhannp.1 a 


for fiata +.iirnarniinri analyaia anri ahnri-.-+.i.ma arala. appl-LCat-ionfl for both plana- 

Reliable microorocesaino on single chips. Pave add 
times as fast as -used, which allow the pusaibility of on-board digital image 

jitQcesaing for high . data xarp muiti-spectral — 

5. DESCRIPTION OF TECHNOLOGY 


An on-board data processing system using microprocessors for special application 
such as comparison of rock reflectance spctral signatures for indicators of 
possible subsurface mineralization of economic value, or oil slick detection* 


P/L REQUIREMENTS BASED ON; □ PRE-A ,D A,D B,Q C/D 

(5 . RATK )NALE AND ANALYSIS: 

a* Experience with ERTS and Skylab EREP h^a shown that their multi-purpose 
scanner system fall short of yielding optimum results for specific tasks by 
the very nature of their generalized design* In particular^ the spectral bands 
are often too broad or misplaced* For particular applications^ experience hae 
shown that 9C9( of the data returned is not directly applicable and exorbitant 
amounts of expensive time on large computers are required to extract the desired 
data to complete the analysis* Performing near real-time image processing 
calculations on-board and producing a completely analyzed picture product which 
highlights the alteration zones would be possible* 

b. An on-board processing system should be dovsloped to sufficient maturity 
to allow experimental damonstration on-board Shuttle for Earth applicetiona and 
instrument design modifications for future planetary missiona* 


TO BE CARRIED TO LEVEL ^ 



DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE) ; 


PAGE 2 OF 


f erres'triaJ. and f'lanetaafy investigaxxona • 


The on-board processing has technology options to: 

1. Develop faster microprocessor. 

2. Look at parallel processing by use of multiple processors. 

3. Trade-off with specialized analog/or digital logic for specific processing. 


8. TECHNICAL PROBLEMS: 

Use in Jovian Orbital Mission will require radiation hardening. 

Faster processing may require more on-board data storage to match bandwidth of 
dark side. 


9. POTENTIAL ALTERNATIVES: 

Continue use of large computers on ground with usuai ground data handling prob- 
lems* 


10. PLANNED PROC?AMS OR UNPERTURBED TECKNOIXJOY ADVANCEMENTS 

RTOP #645-30-00 "Spociolized Multi-Spectral . Imaging and Analysis System** 





DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TprHMni nr.v RFr:;yTiTRirMRKrT fTTTT.E)r Real-Time, On-Board Data PAGE 3 OF 


Processing and Analysis Using Microprocessor c;nar--i al i Mui +T_=!no<'+T>al 


imaging Appiicatxons both tor lerrestriaX and rianetary investxgations 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


SCHEDULE ITEM 


APPUCATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Op>eratioQs 


}. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 


CALENDAR YEAR 



Paper presented at Symposium on Charge-Coupled Device Technology for Scientific 
Imaging Applications, 6 March 1975 at JPL, entitled: "A Specialized CCD Imaging 

and Analysis System for Eaith Resources Application Problems.” 


15. LEVEL OF STATE OF ART 

t. BASIC PHSNOMENA OOSERVSD AND RErORTED. 

*. THEORY tOUMULATED TO OESCKIBE PHENOMENA, 

3, THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E,0., MATEMIAL, COMPONENT, ETC, 


«, COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 

4. MODEL TESTED IN AIRCRAFT ENVIRONMENT, 
t, MODEL TESTED IN SP.ACE E.NVIRONMENT. 

I. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

5. REUARtLITY UPGRADINO OF AN OPF.RATIONAL MODEL, 
10. LIFETIME EXTENSION OF AN OI'ERATKHI.M. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): . 



2 . TECHNOLOGY CATEGORY: Sensors and Data Acquisition 


. OBJECTIVE/ ADVANCEMENT REQUIRED; Provide low-cost, multi-spectral. 


4. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

The facsimile imager consists of a multi-spectral scanning radiometer, whose 
output may be a standard image or radiometric ally accurate spectral data array* 
The Multi-Spectral Earth Resources Facsimile Scanner would be similar in perfor- 
mance to the Facsimile Cameras on the Viking Mars Mission, but would be tailorec 
for operation remotely on earth* The cameras would contain spectral channels 
that match chlorophyl reflectance, Fraunhofer line, forest fire detections, or 
any other visible or near infrared wavelength or band depending on the applica- 
tion* Modification in-situ would be simple process**and would make such systems 
applicable to various Earth Resources Experiments from each instrument* 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.Q C/D 


6. KATIONALE AND ANALYSIS: 

The MERFS would be the only system which could produce radiometrically accurate 
imagery data in one instrument with multi-spectral capability* The data rotes 
which facsimile cameras use are compatible with many inexpensive terrestrial 
data rates* Facsimile cameras are low power and low weight, making them ideal 
for remote sensing both inactive experiments and practical applications such as 
forest health and fire detection. The low-cost of a developed system on a unit- 
to-unit basis plus their adaptability to a particular application would make 
them accessible to many users such as universities and other elements of the 
private sector* 


TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TEC HNOLOGY REQUIREMENT(TITLE) : J1£ 


PAGE 2 OF 2_ 


7. TECHNOLOGY OPTIONS: 

Many technology options are available for MERFS systems for adapting them to 
particular tasks. These range from low power operation, simple systems to many 
channel automated versions utilizing microprocessors. Since all relevant tech- 
nology exists, each MERFS could readily be tailored to a particular user need. 


8. TECHNICAL PROBLEMS: 

Since basic technology and implementation have been proved, no technical prob- 
lems precluding operation ere known. 


9. POTENTIAL ALTERNATIVES: 

There exists the possibility of utilizing CCD array systems with a multi-spectral 
capability, but these will never approach the flexibility of individual sensor 
heads and scanning capability of the MERFS. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

An earth resources camera of limited capability is currently under development. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 

None 
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SECTION D: MICROWAVE SYSTEMS SENSING PAYLOADS 


D-1 ADVANCED MICROWAVE RADIOMETER SYSTEMS 


Application 

This is an earth oriented microwave radiometer system which measures 
important oceanographic and meteorological characteristics that are covered 
under the Outlook for Space objectives: Water Availability (012), Large Scale 

Weather (021), Global Marine Weather (026), Local Weather and Severe Storms 
(031), and Stratospheric Changes and Effects (024), The oceanographic meas- 
urements that would be made include sea surface temperature, roughness (ocean 
wave structure), fractional foam coverage, and inferred wind speed. These key 
parameters are needed to increase man’s understanding of the ocean/atmosphere 
interface and its influence on world weather and climate, hurricane and severe 
storm development, surface currents and areas of upwelling and its relation to 
marine biological productivity, and also to identify and forecast dangerous 
sea state conditions for ship re-routing. The primary meteorolcgical measure- 
ments to be made are humidity profiles, cloud liquid-water content, vertical 
temperature, moisture and rain profiles, cloud top temperatures, and the verti- 
cal distribution of atmospheric trace constituents such as ozone. These latter 
measurements would also have important application to the previously cited 
needs associated with weather and heat balance of the earth. In addition, 
they would provide the important vertical profile data needed to develop and 
test three dimensional forecasting models of global weather and storms. These 
latter data would also provide a means for monitoring storm surges, tracks, and 
identification of regions where clear air turbulence may be encountered. 

Pavload Description 

The payload consists of a group of six microwave radiometers which have 
center frequencies located at approximately 2.0, 6.0, 22.0, 60, 118, and 183 GHz. 
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These radiometer systems can be subdivided into nadir viewing (2.0, 6.0, 22.0, 
and 60 GHz) and limb scanning (60,118, and 183 GHz) radiometer instruments. 

The 2 and 6 GHz nadir viewing instruments are swept (or stepped) frequency wide 
bandwidth radiometer systems that are optimized for detection of radiometric 
signatures (polarization, viewing angle, and frequency) associated with sea 
surface temperature, roughness, foam coverage, and wind speed. These surface 
characteristics are all inferred from a radiometric measurement of surface 
brightness temperature determined at discrete microwave frequencies within a 
narrow bandwidth. Since all of these sea surface parameters affect the 
measured brightness temperature, measurements must be made over a range of 
frequencies in order to decouple this interaction. The 2-6 GHz frequency band 
was selected to maximize differences in the effects of these sea surface parameters 
on the brightness temperature-microwave frequency function so that decoupling 
can be accurately performed. The third nadir viewing radiometer is functionally 
the same as the first two but is sensitive to the 22 GHz water vapor band. The 
sweep frequency capability of this radiometer is used to measure both absolute 
attenuation and width of the water vapor line so that tropospheric water vapor 
profiles can be determined, addition, this radiometer may be useful for 
rain rate measurement. The 60 GHz radiometer or Microwave Temperature Sounder 
(MTS) which can be used in either the radio viewing or limb scanning mode con- 
sists of twelve channels within the 60 GHz resonance region of molecular oxygen. 

It can be used to determine atmospheric temperature profiles from the brightness 
temperature distribution over the twelve microwave channels. The last two limb 
scanning radiometers are sensitive to upper atmospheric molecular oxygen temp- 
erature (118 GHz) and water vapor (183 GHz) and operate on the same principles 
previously described. Finally, it appears technically feasible to modify the 
MTS instrument to allow measurement of trace atmospheric constituents such as 



CO (115 GHz), O3 (183 GHz), and N2O. 

The essential technology developments and feasibility demonstrations of 
the instruments needed for this payload should be completed in time for a 1983 
launch as indicated in the attached technology requirements documents* This 
schedule is such that it will directly benefit the following Outlook for 
Space Systems: 


System # Title Launch Date 

2007 Long Wavelength Passive Microwave System 1986 
2011 Weather Survey System I-Development 1984 
2027 Sea Survey System-Development 1985 
2022 Stratospheric Ozone Monitoring Systems-Oevelopment 1985 


Technology Advancement Required 

The technology advancements required for this payload and associated 
readiness dates are radiometer components (1982), deployable reflector antennas 
(1982), and electronically scanned phased array antennas (1984)* Technical 
details of the radiometer components are covered in the Appendix which follows* 
The antenna technology is covered in Section E* 


DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1. TEChNOLOGY REQUIREMENT (TITLE): Advanced Radiometer PAGE 1 OF 

r.nmpnnffnf.Q -Fpit- Mi rT^nwa\/P, anH Mi_T TititP-hg-r Wa\/g Rpmotfi Sp.n.Qinq 

2. TECHNOLOGY CATEGORY: Environment 

3. OBJECTIVE/ ADVANCEMENT REQUIRED! ?^«^velopment of wide band, low loss, 
■Stable front end components; low noise receivers: and optimum standardized ele c- 
tron in haqinnlng at 4:hg IF R-i:agR nf minmuiawp/m xlllmeter wave radiometer^ _ 

4. CURRENT STATE OF ART: A ^wept frequency^ octave bandwidth radi ometer. __ 

Operatinci_i_n the 4-8 GHz range is currently under development > With the excep- 
tion (cent on page 4) HAS BEEN CARRIED TO LEVEL 4 

5. DESCUIPTION OF TECHNOLOGY 

Conceptually, the microwave radiometer is no more than a simple RF receiver that 
measures thermal radiation collected by an antenna over a band of frequencies* 
However, for the data to be cf value to the user, care must be exercised in the 
design and fabrication of the instrument* For example, if one wished to remote- 
ly detect a l^K change in ocean temperature, the instrument must be designed to 
resolve a difference in power level of only 0*013 dB* If accurate absolute 
measurements are to be achieved, extreme care must be taken to minimize the 
effects of component losses, thermal instability, and gain instability* These 

problems were solved at 5-band during the development phase of a precision, 
narrow-band radiometer sponsored under the AAFE program* 

For wide band operation, the key developmental elements in the front end of the 
radiometer are (l) the Dicke switch that provides modulation by alternately 
switching between the antenna and an internal reference noise source; (2) the 
RF amplifier; and (3) the mixer that down-converts to IF for subsequent amplifi- 
cation and detectioiB/L REQUIREMENTS BASED ON; □ PRE-A.Q A,Q B.Q C/D 

6 . R A TK )N AL E A ND ANALYSIS: 

The electromagnetic spectrum spanning wavelengths between 25 cm and 0*1 cm have 
great potential for routine remote sensing of the earth, ocean, and the atmos- 
phere* At the long wavelength, the atmosphere is virtually transparent; hence, 
the earth and the ocean can be viewed, independent of cloud cover and rain* The 
long wavelengths also tend to penetrate imperfect conductors of electricity, 
allowing unique measurements such as (1) ^seeing” through some vegetation to 
obtain soil characteristics, and (2) obtaining water temperature averaged over 
a few centimeters of depth* 

As the wavelength decreases, the radiometer becomes a remote senior of the at- 
mosphere and the earth surface under clear weather conditions* Atmospheric 
properties such as temperature and density can be inferred by measuring the 
radiation from water vapor and oxygen resonant lines* The highly dispersive 
(frequency dependent) nature of rain suggests that multi-wavelength measurements 
will provide a profiling capability* 

These are but a few of the remote sensing applications of microwave radiometry* 
The fact that different phenomena are accentuated over the 250:1 wavelength 
range strongly points to a need for multi-wavelength measurements* 

TO BE CARRIED TO LEVEL 8 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 . TECHNOT.OGY REOUIREMENTmTLE^: Advanced Radiometer 

Comoonents for Microwave and Millimeter Wave f^emots ^gnsina „ 

_ PAGE 2 OF 4. 

7. TECHNOLOGY OPTIONS: 



For some applications, the number of independent radiometric mejsurements can be 
reduced by utilizing active systems. For example, heavy weather cells can be 
profiled by comparing rain scatter as a function of time from a three-frequency 
short pulse weather radar. 

Synthetic aperture radars can also provide imay&c of terrain/ocean roughness 
characteristics where resolution of a few tens of meters is required. 

Many phenomena, however, cannot be resolved with active systems, because 
radiometers are inherently more sensitive instruments. 


8. TECHNICAL PROBLEMS: 

1. Advances in fabrication technology is required for constructing wide band 
Dicke switches at the short wavelength. 

2. Development of staggered-tuned parametric amplifiers is required at all wave- 
lengths to obtain low-noise, wide band operation. 

3. Development of oump sources for parametric amplifiers is required at the 
shorter wavelengths. 

4. Development is required for impedance matching of wide band mixers at the 

shorter wavelengths. 

9. POTENTIAL ALTERNATIVES: The alternate approach is to construct separate 
radiometers for each observational wavelength. The advantages of this approach 
are (l) much less component development will be required, and (2) the receivers, 
being independent, do not require a time-share mode and can therefore view the 
scene for a longer period. The disadvantages are (l) more volume and power are 
required as the number of channels are expanded; (2) separate instrument biases 
may compound the error in both absolute and relative radiometric measurements; and 
(3) no ultra-wideband mode is available for rapid-scan radiometric imaging. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

A 4-8. GHz radiometer is being fabricated under RTOP 175-20-30, and an 18-26 GHz 
instrument is being planned. This RTOP, however, does not cover major compo- 
nent development to push the state of art at the higher frequencies. Experiment 
definition studies have also been done under the RTOP 750-01-12. 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Large aperture, scannable, wide band antennas. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Advanced Radiometer 


PAGE 3 OF 4 


Comoonents for Microwave 


Millimeter Wav 




12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Breaddoard 4-8 GHz Rad 

2. Breadboard 18-26 GHz 

3»Develop Low Freq. 
Staggered Tunnel Para. 

'^•Develop Wide Band, Low 
Noise Comps. 

®*Breadb. Adv» Wide B.Rac 


APPLICATION 

1. Design (Ph. C) Mod 1 

Mod 2 

2. Devl/Fab (Ph. D) Mod J 

Mod t 

3. Operations « ^ 


13 . USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



14. REFERENCES: 


1. "Development of a Satellite Microwave Radiometer to Sense the Surface 
Temperature of the World Oceens," by G. M. Hidy, et al«, NASA CR-1960, Feb»1972» 

2. "An S-Band Radiometer Design with High Absolute Precis-'’on," by W. N. Hardy, 
K. W. Gray, and A. W. Love; IEEE Trans, Microwave Theory and Techniques; Vol, 
MTT-22, pp. 382-390, April, 1974. 

*3, "Studies in Microwave Radiometric Sensing of the Dcea.i," Final Report, 
Contract NASl-10691, Rockwell International. 

* Includes conceptual design for a swept frequency radiometer. 


15. LEVEL OF STATE OF ART 

1, BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY CUMULATED TO DESCRIBE PHENOMENA. 

2. THEORY tested BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL, 

4 . PERTINENT ECNCTION OR CnARACTERlSTIC DEMONSTRATED, 
E.G., MATERUL, COMPONENT, ETC. 


8 . COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

8 . MODEL TESTED IN A CRAtT ENVIRONMENT, 

T, MODEL TESTED IN SPACE ENVIRONMENT. 

8 . NEW CAPAIUUTY DERiVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

8, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN OPLRATION.VL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 , TECHNOLOGY REQUIREMENT (UTLE) : Advanced Radiometer 
Components for Microwave and Millimeter Wave Remote Seneinc 


PAGE 4 OF, 


4. CURRENT STATE OF ARTt (cont*d.) 

of the antenna, all the front end components perform satisfactorily over the 
bandwidth. 

Present wide band receiver technology is such that 600^K is the lowest noise 
temperature that can be achieved. The noise temperature, sub-bandwidth and 
integration time impact upon the measurement resolution of brightness tempera- 
ture. 


KiapflODlKmnY of THt 
QRWfNAL PAOl 0 POOH 




r. A^V'fiMCirr. -'AT rERDfC TER 'brSTEMS 

1. ADVANCED IMAGING RADAR 
Application 

The Imaging Radar, an active microwave sensor has the capability to fill 
one or more roles in earth and ocean observation activities. It can serve as 
a complementary sensor providing an extension of the spectral description of 
the phenomena, or as a supplementary sensor providing an extension of observa- 
tion coverage of the phenomena. It serves as a unique sensor providing infor- 
mation which is unobtainable by other sensors. It has all weather, day, and 
night capability. It can be used for the following observations and assessments; 
lake ice measurements and navigation, oil spill detection and measurement, land 
use, soil moisture, soil type, petroleum and mineral exploration and geographic 
applications, snowfield mappling, disaster assessment and relief (floods), water 
resources, agriculture, forestry, range, crop identification, land use (urban, 
regulatory and cartographic applications), pollution monitoring, iceberg charting/ 
sea ice/polar mapping/navigation/ship monitoring, and wind and wave measurement. 
Imaging radar is also expected to find application in personnel search and rescue 
missions rising passive (reflector) targets deployed by vehicle in emergency 
situations. 

Payload Description 

The proposed payload consists of a synthetic aperture radar (SAR), a device 
in which the time-doppler record of a radar signal is appropriately processed to 
obtain spatial resolution well within the diffraction limit of the transmitter/ 
receiver antenna. The range coordinate of the image is developed by transmitting 
a short pulse and recording the time history of the reflected signal, with the 
resolution being directly proportional to the transmitted compressed pulse width. 


\ 
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The azimuth coordinate of the image is achieved by processing the signal through 
a filter matched to the known doppler history of a ccatterer as it passes through 
the along-track beamwidth of the antenna. The resolution in azimuth is inversely 
proportional to the time scatterer appears in the antenna beam. The response 
tc a given frequency depends on the characteristics of the target# This sensor 
system could be ready for Shuttle Orbiter operations by 1985# 

Technology Advancement Required 

Technology advances are needed: 

1# To prevent voltage breakdown of high power transmitters# 

2# In the development of onboard solid state megabit data processors# 

3# In the development of a solid state device to obtain pulse compression 
approaching one nanosecond# 

4# In the development of large erectable multi-beam antennas# (see Section F)# 
Progress should be made in these areas starting now if the advanced imaging 


radar is to be flown in the 1905 time frame 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

■■■ ■ i— .^ ,.■,11 „ , ■ 

1. TECHNOLOGY REQUIREMENT (TITLE): Advanced Imaging Radar PAGE 1 OF 4 

_5_vsteni for Remote Sersina 

2 . TECHNOLOGY CATEGORY: Environment 

3. OBJECTIVE/ ADVANCEMENT REQUIRED! Development of high power trancmitter g 
high data rate on-board image processors, and multiple (or time share) systems 

.to 0c3veloD_larqe swathwidth imagery, 

J. CURRENT STATE OF ART; Within NASA aircraft imaging radars utilizing opti" 

recorders* achieve a resolution of 20 meters and a swath-width of 1 6 km> 
(nnn^ nn p.go HAS BEEN CARRIED TO LEV ^^ 

5. DESCRIPTION OF TECHNOLOGY 

The synthetic aperture radar (SAR) is a clever technique, conceived by Carl 
Wiley, in which the time-doppler record of a radar signal is appropriately 
processed to obtain spatial resolution well within the diffraction limit of the 
transmit/receiver antenna* The range coordinate of the image is developed by 
transmitting a short pulse and recording the time history of the reflected 
signal, with the resolution being directly proportional to the transmitted com- 
pressed pulse width. The azimuth coordinate of the image is achieved by pro- 
cessing the signal through a filter matched to the known dcppler history of a 
scatterer as it passed through the along-track beam-width of the antenna* The 
resolution in azimuth is inversely proportiona."- to the time the scatterer app- 
ears in the antenna beam* 


P/L REQUIREMENTS BASED O N; □ PRE-A.n A,n B,n c/d 

(>. UATIONALK AND ANALYSIS: 

The LAND5AT spacecraft experience has shown that the user of satellite remote 
sensing data.* is interested in high resolution, multi-spectral images of a large 
swath of real estate* The imaging radar has the potential of providing all of 
this capability plus the additional features of penetral ng clouds and of ob- 
taining data during the night* This extended capability should attract more 
wide-spread user interest in satellibe remote sensing data* 


TO BE CARRIED TO LEVEL 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY WFQTnREMENTmn.E\; Advanced Imaging Radar PACE 2 OP A. 

System for Remote Sensing 

7. TECHNOLOGY OPTIONS: 

The user of remote sensing data is simultaneously pushing for finer spatial 
resolution and greater cross-track swath width. For a given transmitter 
power level, these are incompatible constraints for the imaging radar, 
i.e., fine resolution can be achieved only at the expense of reduced swath 
width. The possible options to overcome this difficulty are: 

(1) Development of high power (perhaps megawatt) transmitters. 

(2) Development of a parallel (or time share) transmitting system which 
will feed several antennae with contiguous beams to provide extended 
swath w-.dth. 

(3) Development of a two-mode system, whereby the first mode yields a 
coarse image with large swath widt and the second mode provides 
a ”zoom” capability fo-' narrow field-of-view, fine imagery. 

(Cont*d. on p. 4) 

8. TECHNICAL PROBLEMS: 

1. Advances in technology needed to prevent voltage breakdown of high power 
transmitters. 

2. Advances are required in the development of onboard solid state megabit 
data processors. 

(Cont*d. on p. 4) 


i). POTENTIAL ALTERNATIVES; 

The potential alternative is to utilize real aperture techniques to 
develop rasolution in azimuth and/or range. This, however, requires an 
aperture of dimension approaching 10 km. This technology will probably 
not be available until the end of the century. 


10. 7PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENTS 

Development of key componente for an imaging radar has been pursued under 
160, 161, 645, and 638 RTOP's} however, the funding has been seriously cut 
back* CCD technology is currently being funded under 636 (AAFC) to develop 
analog, solid state matched filters* 

EXPECTED^ UNPEi^nilU^^ LEV^ ^ 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Charge-coupled deyicee (CCDs), exactible multlbaam antt^aa* 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 TPrHNm or.V RFQIITREMENT (Tin.E): Advanced Imaging Radar PAGE 3 OF J — 
System for Remote Sensing 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 
1. Analyses 

*J. Adv« Component Dev. 

3. Feb, Breadboard 

4. Fab, 5/C Prototype 

5. A/C Test of Prototype 



— 




- 
















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 









- 



J 




— 1 












13. USAGE SCHEDULE: 




TECHNOLOGY NEED DATE 

















1 

:OTAL 

NUMBER OF LAUNCHES 



















14. REFERENCES: 

1, The theory of the 5AR is 
M, I, Skolnik, ed, , McGj 

2, Justification for the ir 
will appear in the fortJ 
Workshop held in Houstor 

3, A summary of the technoJ 
prior to I 960 is discus* 
Radar*’ by W, E* Brown, v 

15. LEVEL OF STATE OF A1 

l. BASIC PHKNOMKNA OBSEUVtD .AND 
t. THEORY WRMCLATED TO DESCRIBE 

3, THKOfO TESTED BY PHYSICAL EXPE 

OR MATHEMATICAL MODE!., 

4 , PERTINENT KENCTION OR CHARACT 

E.G., MATERLVL, a ^ I'0\ENT, E 

5 outlined in Chap, 23 of ”Radar Handbook,** by 
:aw-Hill, 1970* 

naging radar for earth and ocean physics applications 
Tcoming proceedings of the NASA Active Microwave 
1 during the summer of *74, 

Logy required to obtain a spacecraft imaging radar 
3 ed in an AAFE proposal entitled ’’Coherent Imaging 
Jr,, dated May 15, 1973, 

5, COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABOR.AI'ORY. 

lEPORTED. 6 , MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

IMIENOMENA. 7 . MODEL TESTED IN SP.ACE ENWRONMENT. 

KIMENT 8 , NEW CAPAmUTY DERIVED FROM A MUCH LESSEi. 

OPERATIONAL MODEL. 

ERISTIC DEMONSTRATED. $. RELUmLITY UPO.HADINC OF AN OPERATIONAL MODEL. 

TC, 10. LIFETIME EXTENSION OF AN OPLRATION.U. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1 . TECHNOLOGY REQUIREMENT (TITLE): Advanced Imaging Radar PAGE 4 OF ^ 


System for Remote Sensing 



4. CURRENT STATE OF ART: (cont»d.) 

The SeaSat A imaging radar will achieve 25-50 meter resolution and a swath 
width of 20 km« Solid state data processing will be used on SeaSat* The 
state of the art within DOD is not known* 

7* TECHNOLOGY OPTIONS: (cont»d*) 

(4) Explore the possibility of using ambiguous PRF to improve the 
overall signal- to-noise ratio* 

8. TECHNICAL PROBLEMS: (cont’d.) 

3. Advances are required in the development of a solid state device to 
obtain pulse compression approaching 1 nanosecond. 

4* SAB techniques cannot be used as geosynchronous altitudes, since 
relative motion between the earth and the satellite is required 
to construct the synthetic aperture « 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Onboard Data Pre- PAGE 1 OF _1 

Processing/Management Using CCD Technology 

2 . TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT REOIITRED- Multispectral/radar imaging gross 

data characterization and dynamic vehicle operational status determination ♦ 
Adjustable algorithm CCD processors required# 

4. CURRENT STATE OF ART: Possibility will be demonstrated September. 1975 

Level 4 for adjustable devices - Level 6 for fixed tap devices > 

HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

CCD fixed tap weight devices performing particular computations have demon- 
strtited higher processing rates than large computers through the large amount 
of parallel processing and the wide dynamic range of sampled analog infor- 
mation under manipulation. This many orders of magnitude improvement in 
size, weight and power makes onboard processing a reasonable solution to some 
of the data transmission problems. Device designs and tradeoffs must be 
made in the direction of decreasing this advantage to allow variable 
algorithms, and this work is currently underway. 


P/L REQUIREMENTS BASED ON: QPRE-A.n A,t] B.Q C/D 
fi . RATK )NALK AND ANALYSIS: 

(a) SeaSat A imaging radar requires 70 Mb/sec data link for transmission of 
radar return data and slow image processing on general purpose computer 
driving AAFE-CCD SAR IPM. 

(b) All payloads may benefit from this new technology, some to a lesser 
degree. 

(c) Makes imaging radar feasible; adjustable algorithm devices will 
allow multiple missions from same hardware configuration, changing 
only sensors, algorithms, and desired outputs. 

(d) Level of technology maturity should start with Shuttle mission then 
be carried to Venus Probe/VOIR. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Onboard Data Pre- PAGE 2 OF 1. 

Processinq/Manaqement Using CCD Technology 

7 TEcllNOLOGY OPTIONS: 

The main viable alternative to this technology is a special purpose digital 
computer which would consume many orders of magnitude more sizei weight, 
power to perform a similar function* 


8. TECHNICAL PROBLEMS: 

Potential problems are in the maximum resolutions achievable, and in the maximum 
and minimum serial data rates# Other potential problems are in MOS and surface 
state instabilities exhibited in a radiation environment* 


y. POTENTIAL ALTERNATIVES: 

Increased data rate communications links and large onboard memories or 
world-wide data receiving network* 




10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

502-52-03 (?) - Electron Devices to Demonstrate Feasibility of Such Devices 

AAFE Exp. 5AR-IPM at JPL to demonstrate imaging from radar return data in an 
aircraft experiment using a uniquely designed fixed tap weight device. Semi- 
conductor manufacturers see no ground use competitive advantage in this area, 
therefore, expected unperturbed Level 4. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Algorithm determinations from users. 


tSPRODUClBlUn OF mi:. 
HBMQIAii PABB IS POOR 


i 

1 

I 

\ 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 TF.rHNOl.Or.Y REQUIREMENT (TITLE): Onboard Data Pre- 

PAGE 3 OF 

Processinq/Manaqement Usinq CCD Technoloqv 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDAR YEAR 



SCHEDULE ITEM 


Systems Studies 
D3si:ii Trade 
Design 
F abrication 
Test Levels: 

. 

4 

5 



i:;. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



15. LEVEL OF STATE OF ART 

1, BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY ^OUMlILATEn TO DESCKIDF. PHENOMENA, 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 , PERTINENT KCNCTION OR CHARACTERISTIC DEMONSTRATED, 
E^C., MATERIAL, CC>TONENT, ETC. 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE l^nORAlX>RY, 

4. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SP.VCE ENVIRONMENT. 

8 , NEW CAPAniLlTY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

8 . RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN Ol LRATlONAT. MODEL. 



i 

I 
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2. LONG WAVELENGTH (PENETRATING) RADAR 


Application 

The long wavelength radar system provides the ability to do near subsurface 
sensing from spacecraft or aircraft# Detection of soil moisture can be done# 
Near subsurface anomolies (minerals, water, man-made) are detectable# 

Payload Description 

The long wavelength radar (transmitter, receiver, and variable angle narrow 
beam antenna) transmitting at an appropriate wavelength and sufficient power to 
penetrate the surface will acquire data from the backscatter return, to do near 
subsurface mapping and soil moisture analysis# 

Technology Advancement Required 

The long wavelength radar presents two major problems* The data processing 
is extremely complex, additionally so because of earth surface returns# A large 
antenna is required for the narrow beam long wavelength system# 


«SP80PU«®I^''(0£^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE); Long Wavelength PAGE 1 OF JL 

(Penetrating) Radar System Development 

2. TECHNOLOGY CATEGORY: Remote Sensing 

3. OBJECTIVE /ADVANCEMENT REQUIRED; Ability to perform subsurface 

sensing using radar techniques from aircraft or spacecraft# 

4. CURRENT STATE OF ART: Laboratory and field experiments have been per- 
f ormed to prove feasibilitya The Joint Soil Moisture Experiment (JSME) has show n 
t hat moisture is detectable at depths of 10 Cm# HAS BEEN CARRIED TO LEVEL 

5 . DESC RIPTION OF TEC HNOLOG Y 

Microwave systems have been developed to obtain the back— scattered return 
from land and water surfaces* Due to changes in dielectric constant pene- 
tration of the surface could detect (l) buried items in construction sites 
(pipes, etc.), (2) hidden items in other areas, and (3) near surface water, 
mineral deposits, etc# A microwave system will be developed which utilizes 
a transmitter, receiver, and a variable angle narrow beam antenna. The 
system would transmit adequate power at an appropriate wavelength to penetrate 
the surface and provide data or a map of the back-scatter return. 


P/L REQUIREMENTS BASED ON: 0 PRE-A.Q A.D B,D C/D 
() . RATK )NALE AND ANALYSIS: 

(a) Radar as a remote sensor has great potential for sensing surface 
phenomena. 

(b) This potential would be greatly improved by extending the ability of 
radar systems to sense below the surface to a depth of several 
meters. 

(c) Study, analyses and field testing of such a system will provide the 
technology improvements (primarily in the area of data analysis) to 
make a prototype system feasible. 


TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TEC HNOLOGY REQUIREMENT(TITLE) : Long Wavelength 
(Penetrating) Radar System Development 


7. TECHNOLOGY OPTIONS: 


PAGE 2 OF ± 


Use magnatometers in aircraft or orbital spacecraft to sense anomalies in the 
earth *s magnetic field which may be relaxed to subsurface phenomena. 



8. TECHNICAL PROBLEMS: 

1. Surface reflections from the earth* 

2* Size of -^ntennas needed for system. 

3. Complexity of data analysis. 


y. POTENTIAL ALTERNATIVES: 

Perform such measurements on ground using antennas tightly coupled to the 
earth’s surface. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXDGY ADVANCEMENT: 

RTOP 177-51-84, Joint Soil Moisture Experiment (JSME); currently investigating 
depth of penetration of lower microwave and upper UHF frequencies into the 
earth’s surface. 


EXPECTED UNPERTURBED LEVEL 


11, RELATED TECHNOLOGY REQUIREMENTS: 

Improved modeling techniques for electro-magnetic back-scatter phenomena. 

















DEFINITION OF TECHNOLOGY REQUIREMENT 


I . TEC HNOLOGY REQUIREM ENT (TITLE) : Long Wavelength, 
(Penetrating) Radar System Development 


PAGE 3 OF 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis 

2. Field T 3ts 

3. Field Data Analysis 

4. A/C System Dev, 

5. A/C Flight Test 

6. A/C Data Eval, 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 



. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


2 2 2 2 2 2 2 2 2 18 


14. REFERENCES: 

(1) Feasibility Study of Electromagnetic Subsurface ProfjJ.ing 
R, M. Morey and W. S. Harrington, Jr, 

EPA-R2-72-082, Oct 1972 

(2) The Use of Complex Dielectric Constant as a Diagnostic Tool for the Remote 
Sensing of Terrestrial Materials 

R, 5, Vickers and G, C, Rose, Contract No, F19628-70-L— 0035, 

Colorado State University, Aug (1971) 

(3) Active Microwave Measurement of So.il Water Content 

F, T, Ulaby, J. Cihlar and P. K. Moore, Remote Sensing of Environment, 3, 
185-203 (1974) 

(4) Remote Sensing of the Earth by Microwaves 

K, Tomiyasu, Proc, IEEE 62 . No, 1, 86-92, January (1974) 


15. LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSERVED AND RETORTED. 

2. THEORY »X)H.MI'1ATED lO OE.SCRtBE PHENOMENA. 

2. THEOnV TESTED BY PIIYSICAI. F..XPERIMEKT 

OR NUTIIEM-ATICAL MOOEI.. 

4 PERTINENT EVNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATERIAL, COMPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LARORAIORY, 

6. MODEL TESTED IN AIRCRAET ENVIRONMENT. 

T. MODEL TESTED IN SP.ACE ENVIRONMENT. 

S. HEW CAPARILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUABILITy UPGRADING OF AN OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN OI'LRATION.M. MODEL. 


55 























DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1. TECHNOLOGY REQUIREMENT (TITLE); Long Wavelength PAGE 4 OF 

(Penetrating) Radar System Development 


(5) Application of Dielectric Constant Measurements to Radar Imagery 
Interpretation 

M, Leonard Bryan and R. W* Larson, Report, Environmental Research Institute 
of Michigan, NASA Contract-21783, (1974) 

(6) The Response of Terrestrial Surface at Microwave Frequencies 

Wa H, Peake and T, L. Oliver, Technical Report No* AFAL-TR-70-301 
Ohio State University May 1971 





3. CONDUCTIVITY MEASURING SYSTEM 


This system will be used to determine the conductivities of materials at 
the earth *s surface and subsurf ace* The data thus acquired will support other 
earth observations* 

Payload Description 

The payload is a microwave system of two transmitters, receivers, antennas, 
phase measuring detection circuits, and a phase difference circuit. Conductivity 
of surface and subsurface materials, a function of the dielectric constant of the 
material, can be determined by measuring the difference in phase of the reflection 
coefficients of two signals of different frequencies at the surface interfaces. 
Technology Advancement Required 

The conductivity measuring system requires the development of stable phase 
measuring circuits, and data management systems. The effect of antennas on 
phase measurement must be removed from the systems. Surface interface models 
require definition. 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

■' ■■■»'-.. ■■■.. — — — ,,, , ■ — 

1. TECHNOLOGY REQUIREMENT (TITLE): Microwave Conductivity PAGE 1 OF 3 
Measurement System Development 

^ . TECHNOLOGY CATEGORY: Remote Sensing 

3. OBJECTIVE/ ADVANCEMENT REQUIRED! Development of a microwave measure^ 
for remote sensing to support earth observation application studies# 


4. CURRENT STATE OF ART! Studies have been conducted to define the 

measurement technique> but hardware has not been developed to test the 

nnnnpp+.. HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

Conductivity of surface and subsurface materials is a function of the 
dielectric constant of the material# Conductivity can be determined by 
measuring the difference in phase of the reflection coefficiericts of two 
signals at different frequencies at the surface interfaces# A microwave 
system will be developed which utilizes two transmitters, receivers, 
antennas, phase measuring detection and difference circuits. The system 
will transmit identical signals at two frequencies and detect the changes 
in phase of the returned signals# 


REQUIREMENTS BASED ON: EJPRE-A.D A.Q B,0 C/D 

«. UATIONAI.E AND ANALYSIS: 

(a) Radar as a remcti ?,tnsor has a great potential for sensing surface 
and subsurface phenomena# 

(b) This potential would be greatly improved by developing techniques to 
sense surface and subsurface interface interfaces# 

(c) Study, analysis and field testing of such a system will provide the 
technology improvements (primarily in the area of data analysis) to 
make a prototype system feasible# 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT ^JO. 

1 . TECHNOLOGY REQUIREMENTmTLE^ : Microwave Conductivity pAGE 2 OF 2 
Measurement System Development 
7. TECHNOLOGY OPTIONS: 


Continue to use presently available microwave sensors only to make measure- 
ments in support of earth observation application studies. 


8. TECHNICAL PROBLEMS: 

1* Developing stable phase measuring circuits. 

2. Developing stable difference measuring circuits. 

3. Developing data handling and analysis hardware. 

4. Defining surface interface models. 

5. Design of antennas to not affect the phase measurements. 


9. POTEiNTIAL ALTERNATIVES: 

Dee probes in the surface or subsurface layere to make the conductivity 
measurements* 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Inhouse 'definition studies at the Applied Research Laboratories at the 
Univereity of Texas at Austin* 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMEl'TS: 


Development of flight worthy highly stable phase and difference measuring 
circuits* 



LEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Microwavi 
Measurement System Development 


PAGE 3 OF 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis 

2. Electronic Dev* 

3. Field Tests & Analys* 

4. A/C System Dev* 

5. A/C Tests & Analys* 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


i:). USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF IJ^UNCHES 


14. REFERENCES: 


I Q IS Q BBUS E9 9 IIS E5 IS Eu 



2 2 2 2 2 2 2 12 2 


(1) Handbook of Electromagnet.tc Propagation iwJ Conducting Media, 
M, B, Kraichman, Pages 2-1 thru 2-G, I'- .w 

U, S, Government Printing Office 

( 2 ) Electromagnetic Theory, A* Stratton, 

Pages 490 thru 500 and 505 thru 516 

McGraw-Hill, 1941 : ^ ^ , 


15. LEVEL OF STATE OF ART 

1. BASIC i>HE»OMeNAo»Envi:oA.''i>Ker(:mTeD. 

t. THEORY roitMVLATED TO OESCIUBE PtlKNOMEHAr ; 
i. TMEOnv TKSTEI) BY PHYSICAL 

OB MATIIEMATICAI MO0EL. ■ : - 

4. PERTINENT rCNCTlOK OR CiiARACTEWSnr WSWCtOiTRATEiA 
S.O.. MATEHIAL. CQVPONENY; ETC. / '^ 


A, CraVONPNT OR BREADBOARD Tl^nSbdl^ia;UVANT 
BMVmONUENT IN THE VA BORAVORY; 

S. MOKLTESTEO|NAIftCRAil^ENVIIIOR.IENT. . 

T. WOBitreSi-O IN SPACE EKVieONSIENT. . '■ 

r. MBW CrpAWLItV DERIVEO PROM 

OPElUTlbNA3;.a(W&l-. - 

t. AROPeHATRMALIMOeL. 

Hi. >litEtWCN dr AH OIT:HATIOI1.M. 






















D-3 ADVANCED SATELLITE METEOROLOGICAL RADAR 


Application 

Feasible uses of a satellite meteorological radar system include the 
following: 

a. Sampling of rainfall data in tropical storms with sufficient 
horizontal resolution (5-6 km cr less) t»i resolve the rain bands* Verti- 
cal resolution of 1-2 km is required* 

b* Gathering global rainfall statistics including otherwise in- 
accessible regions of the earth* 

c* Refinement of global v.'ater cycle information and study of the 
atmospheric heat budget related thereto* 

d* Testing rainfall predictions of present and near-teim future 
numerical atmospheric models* 

e* Rate of latent heat release due to water condensation as an in- 
put to numerical atmos'^^heric circulation models that may be developed in 
the future* 

f. Gap* ill“ng data as an adjunct to ground-based weather radars and 
as an aid in local severe storm prediction. 

g* Use of surface backscatter information to study soil moisture, 
crop vigor and height, and boundaries, and characteristics of sea and polar 
ice* 

h* Possible use of mean dopple shifts of raindrops as indicators of 
horizontal :vinds at various altitudes in rainstorms. 

Payload Lescription 

An advanced meteorological radar system, incorporating technology 
gainei from a vigorous research program carried out aboard aircraft, is to 
be flown on the Shuttle Orbiter* It will be cost and operationally con- 
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strained, but will have the capability of demonstrating the utility of and 
exercising the designs required for an advanced operational system beyond 
1905 . 

Technology Advancement Reouircd 

Basic meteorological and radar data interpretation research must be 
done. It is necessary to develop data interpretation schemes and algorithms 
capable of coping with the constraints of the measurement problem and at 
the same time being capable of on-board iiilplementation. Developments are 
required leading to large Butler-matrix phased array antennas. High power 
spaceborne transmitters and low noise receivers are needed. An extremely 
large capacity on-board data handling capability is required. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE)! Advanced PAGE 1 OF 4 

Meteoroloaical Radar 

Z . TECHNOLOGY CATEGORY: Weather and Climate 

3. OBJECTIVE/ ADVANCEMENT REQlIIREDr High power microwave tubes, lower 
noise receivers, very large simultaneous nujltiple beam phased^array antenna 
system, and large capacity on-board data handling and processing equipment# 

4. CURRENT STATE OF ART: 2 kw peak power radar transmitter operated on Skyl ab 

with duty cycle of 3 x Aircraft meteorological radars in existence and 

under riRWRlnpmnnt do not adftrpRg rp»qiiirRH antennA nr Ha-ha handling 

(cont^d.) HAS BEEN CARRIED TO LEVEL 4 


5. DESCRIPTION OF TECHNOLOGY 

Some current proposals for single frequency Shuttle meteorological radars for 
1981 and beyond require two phased-array antennas, each 5 *< 30 meters, 
connected to a single transmitter but to 160 separate receiver channels. Each 
channel would further be doppler filtered to achieve synthetic sharpening 
of beams. Such schemes are necessary as opposed to scanning a single beam 
to achieve large number of pulse samples per footprint and wide swath coverage 
simultaneously# Each synthetically sliarpened receiver beam ('v800 total) 
would need 40 or more range bins, resulting in overall data rate greater 
than 1 Gbit/sec# Significant on-board data compression is thus required. 
Transmitter powers of 15 kw peak or greater and 8 db or less noise figure 
are required. To encompass the cloud top height measurement, these capa- 
bilities must extend up to about 94 Ghz. 


P/L REQumEMF.NTS BA SED ON; 0 PRE-A.Q A.Q »,□ C/D 

« . UATK ).\’ALK AND ANALYSIS: 

Active Microwave Workshop of 1974 emphasized feasibility and need for 
satellite meteorological radars. Global rainfall rate and/or cloud height 
would be of decided benefit to meteorological community# Passive microwave 
sensors cannot resolve these height profiles; particularly difficult is 
the quantitative determination of rainfall rates, because of the erratic 
height variability associated with it. Although benefits are fairly definite, 
the relationship between the obtained data afid the meteorological situation 
requires research, as does the entire sensing and data interpretation 
problem. 


TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1 . TECHNOLOGY REQUIREMENT(TITLE): Advanced Meteorological PAGE 2 OF A 

, Rgd^r,, , „ 

7, TECHNOLOGY OPTIONS: 

Achieving the user requirements regarding resolution coverage, and accuracy 
in global rainfall measurements leaves little room for options in the overall 
sense. In specific areas such as the means of achieving synthetic sharpening 
of the resolution cell through uoppler techniques, there can remain choices 
such as between doppler analog filtering or computational measuring of the 
time— dom in signal. The latter would require more extensive on— board data 
processing capability. Another possibility would be the construction of 
the three-dimensional radar reflectivity map of precipitation by a form of 
microwave holography using a large number of effective antennas. 


8. TECHNICAL PROBLEMS: 

Development of data interpretation schem.es and algorithms capable of coping with 
the constraints of the measurement problem and at the same time being capable of 
on-board implementation. 

Large Butler matrix phased array antennas. 

High power spaceborne transmitters and low noise receivers. 

Extremely large capacity on— board data handling capability. 

i). POTENTIAL ALTERNATIVES: 

Laser radar would be a potential alternative to mm radar waves for cloud top 
height determination. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY t ^ANCEMENT: 

AAFE m.eteorological aircraft radar program will provide b information 
related to data interpretation and actual requirements and ucnstraints for 
satellite demonstration and operational radars. 

Antenna development transmitter tube and receiver improvements, ji d rn-board 
data handling capabilities which may be developed in connection with planned 
Imaging Radars ind Radiometers will have direct impact on the met, radar. 
EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

CCD devices for data processors. 

Large antenna steering anc deployment devices. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Advanced 

Meteorological Radar 


PAGE 3 OF 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. Aircraft met. 

radar program (AAFE) 
2 • Shuttle Demonstration 

3. Operational Satellite 
met. radar 

4. 


75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 


[ APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


11. REFERENCES: 


LEVEL OF STATE OF ART 

1. BASIC PHKNOMtNA OBSERVUD AND RE PORTED. 

2. THEORY ^T^UM PLATE 1) TO DESCKtliE PHENOMENA. 

3. THEOra TESTED BY PHYSICAL EXPERIMENT 

OR MATIIKM.ATICAL MODEL. 

4. PEKTINEN F ECNCTlON OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATEULXL, a*VPONKNT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAIXORAIORY. 

6. MODEL TESTED IN AIRCRAl-T ENVIRON.MENT. 

7. MODEL TES'fED IN SP.VCE ENVIRONMENT. 

8 . NEW CAPAlllLlTY PLRIVTD FROM A MUCH LESSER 

operational model. 

8 , RELlARll-ITY UPGRADING OF AN OPERA HONAL MODEL. 
10. UFETIME EXTENSION OF AN OPLRATION.VT. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1. TECHNOLOGY REQUIREMENT (TITLE); Advanced PAGE4 OFJ_ 

Meteorological Radar 


5. DESCRIPTION OF TECHNOLOGY: (cont*d, from p. 1) 


and processing required for satellite case* Other radars and radio- 
meters do currently incorporate required synthetic aperture techniques* 
Present on-board data handling capability is primitive compared to ultimate 
needs* 






I 


I 

t 


i 




SECTION E: TECHNOLOGY DEVELOPMENT/EVALUAnON PAYLOADS 

E-1 LARGE DEPLOYABLE MICROWAVE /NTENNAS 

1. ADVANCED ELECTRONICALLY SCANNED PHASED ARRAY ANTENNA 
Application 

The payload antenna will provide the accuracy necessary for microwave 
radiometric sensing of the environment. 

Payload Description 

The payload antenna is a phased array of known ohmic losses which are 
thermally stabilized, and it is cryogenically cooled for oceanographic 
applications. 

Technology Advancement Required 

The main problem presented by the antenna is the requirement of 
thermal stability. An antenna with the proper thermal characteristics 
and a cooling system need to be matched to provide thermal stability over 
long time periods — one day on aircraft and months on a spacecraft. The 
antenna must maintain its operating integrity at 100 degrees K and on up to 
room temperature. It is not known whether the ferrite phase shifters used 
for frequencies above X-band will work at the low temperatures. 



v> 

I 

1 



I 







167 




i 








f 


f 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): AHwnnnpH npr^:rnm•na^^y PAGE 1 OF 

q annpH Phacpr! fl-rTay AntpnnpQ friy Rptnn + p j^pncing 

2. TECHNOLOGY CATEGORY; Environment 

3. OBJECTIVE/ ADVANCEMENT REQTlTREr>! Sevelopment of an integrated package 
of ri-i-hir.al phaspri array antenna rnmpnnBnt.s that can give satisfactory electrical 

pRT-fnrmanre for microwawe radinmeter remote sensing measurements. 

-t. CURRENT STATE OF ART: THo Haci gn nf a1pr+-rr>n‘i rally cnannarl phagpri a~rT*ayg 
is a Mall riavalnpari art. Tha Way r.nmpnnpnis , hnuauar^ ara -hhaT^many atahiliyp.ri 

to^parate at nen. roon, te.narature. HAS BEEN CARRIED TO LEVEL _ 

5. DESCRIPTION OF TECHNOLOGY 

The construction of phased arrays is a well developed technique# Key components 
such as phase shifters > power dividers , and hybrids are commercially available# 
The problem with the phased array is that the ohmic losses of the components are 
detrimental to the accuracy of remote sensing measurements, particularly micro- 
wave radiometer measurements# If phased arrays are to be useful for precision 
radiometric applications, the losses must be accurately known and thermally 
stabiJized# For oceanographic applications, cryogenic cooling of the components 
would be highly desirable# 


P/L REQUIREMENTS BASED ON ; □ PRE-A,D A,Q »,□ C/D 

«. RATIONALE AND ANALYSIS: 

Phased arrays offer two desirable advantages over other types of antennas. First 
of all, the array is only a few inches deep and is therefore relatively easy to 
install on spacecraft and a variety of aircraft# To illustrate the packaging 
difficulties of other antennas, a low loss horn, 8 feet tall, is being installed 
in a C-54 for L-band radiometer measurements# A phased array of the same aper- 
ture size would be less than a foot tall# The second advantage of the phased 
array is that scanning is done electronically# This means that no torque compen- 
sation is required for spacecraft; and there is no need for large radomes for 
aircraft measurements# 

The losses in the phased array pose very serious problems in radiometry# As an 
example, the "brightness temperature” of the ocean (effective grey-body radiation 
is approximately 100°K# The accuracy with which the measurement must be made is 
D#3°K# Now, the lossy components in the antenna are also thermal radiators, 
whose emissivity is specified by the numeric loss number# If the components 
were held at room temperature, the measurement would suffer from the following 
deficiencies: 

1# A 1 dB less would add a 40°K bias on the measurement# 

2# The temperature of each component must be known to within 1°K to meet the 
specified measurement accuracy# (cont on pg# 4)»pQ gg CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Advanced Electronically 
Scanned Phased Array Antennas for Remote Sensing 


PAGE 2 OF i_ 


7 . TEC HNOI OGY OPTIONS: 

With regard to hybrids and powei dividers, the technology options are stripline 
vs. air-filled coaxial transmission linos. Stripline offers miniaturization 
because of the high dielectric constant, but are inherently lossy. Air-filled 
lines present low loss, but miniaturization and fabrication are problem areas. 
As far as phase shifters are concerned, diodes present low loss, but the effi- 
ciency decreases with increasing frequency. Ferrites are Icrisy, but allow 
operation at high frequency and reduce line length for good phase control. 


8, TECHNICAL PROBLEMS: 

1. Mechanical design of an integrated compact package is required, such that 
thermal instability of the individual components can be maintained. 

2. It is necessary to design and quality parts to operate at 1DQ°K, and 
preferably over a range up to room temperature. 


(cont’d. on p, 4) 


i). POTENTIAL ALTERNATIVES: 


Horn and reflector antennas exhibit very low loss and broad bandwidth. 
These antennas should definitely be used in projects where mechanical 
scanning and installation pose no problems. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

A combination precision 5- and L-band dual radiometer system is currently 
being flight-tested under RTOP to measure accurately 

temperature and salinity in coastal areas. This is an ideal candidate system 
to incorporate a cryogenic phased array. 


EXPECTED UNPERTURBED LEVEL _ 


11. RELATED TECHNOLOGY REQUIREMENTS; 

The ohmic loss of any imperfect conductor generally decreases with temperature. 
A cryogenic phased array will therefore increase the efficiency of an 
antenna; and, therefore, allow reduction in the transmitted power required. 

Per radar, the dividend is doubled since the system must both transmit and 
receive through a common antenna. 


/ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) ; 







PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 



TECHNOLOGY 

^Tech, Tradeoff/Analysis 

^Des. of Components/Cry. 
3Component Fab/Integ. 
4Fab»/Test of A/C Ant. 
5Fab./Test of S/C Comp, 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph, D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

The one reference which encompasses the need for precision radiometry and an 
antenna tradeoff study is given in: 

^Development of a Satellite Microwave Radiometer to Sense the Surface Temperature 
of the World Oceans,” by G* M. Hidy, et al» .NASA CR-1960 February, 1972# 



LEVEL OF STATE OF ART 

. BASIC PHENOMENA OBSERVED AND REPORTED. 

[. TIILORY I-ORMULATED TO DESCRIBE PHENOMENA. 

1. THE('!n TESTED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEI,. 

. PERTINENT FUNCTION Oft CHARACTERISTIC DT:M0NSTRATED» 
F.G.» MATERIAL, COMPO.NENT, ETC, 


5. COMPONENT OR BREADBOARD TE.STED IN RE%EVANT 
ENVIRONMENT IN THE LABORATORY, 
e, MODEL TESTED IS AlRCRAtT ENVIRONMENT, 

7, MODEL TESTED IN SPACE ENVIRONMENT. 

8, NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

8, RELIABILITY UPGRADINC OF AN OPERATR^NAL MODEL, 
18, UFETIMG EXTENSION OF AN OJ LRATIONaT, MODEL. 















2. OHEIM FEED ACTIVE MICROWAVE ANTENNA 


Application 

The antenna is proposed as a payload for the Shuttle Orbiter so that 
its performance characteristics may be ascertained in the space environment. 
It is presently in the early design stages as a pax^t of the Earth Resources 
and Oceanographic Imaging Radar (RTOP 645-30-07). It is designed to test the 
antenna for arcing, corona or breakdown before committing to the radar system 
implementation. The tests will also validate the design of structure and 
mechanisms. 

Payload Description 

The payload is primarily a large (Approximately 3m X 12m) light weight 
antenna with transmitter with variable power, duty cycle and PRF and appro- 
priate feed systems. Open wave guide and microctrip designs are being 
considered for the antenna. The tests will provide limits of performance 
with regard to arcing, corona or breakdown in the antenna and power feed 
systems. Performance of the structural and mechanisms design will provide 
secondary information. 

Technology Advancement Required 

The potential problems of breakdown, corona and shorts for this flight 
weight antenna design must be overcome. The antenna design should be proven 
in the space environment early so that the total imaging radar system is 
ready for flight in the 19BQ*s. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Teat and Evaluation _g^f PAGE 1 OF 

Open Feed Active Microwave Antennaa in Space 

2 . TECHNOLOGY CATEGORY: Microwave Hardware Development 

3. OBJECTIVE/ ADVANCEMENT REQUIRED! Development and teat of light weight 

antennas in the space environment to present operation problems such as 


coronal 


L CURRENT STATE OF ART: Lightweight antennas are being developed but none 

have been tested at the possible power levels expected for future 
ins tr umen t ation > 


HAS BEEN CARRIED TO LEVEL 4 


o . 


DESCRIPTION OF TECHNOLOGY 


Proposed designs of the Earth Resources Shuttle Imaging Radar antenna are 
using an open antenna concept « Due to the potential power required arcing, 
corona or breaki*own caused by shorting may occur in the antenna and power 
feed systems, ‘.o prove the concept and reduce the risk for the radar 
operations, a test antenna should be flown on an early shuttle flight. 

The test article would include an antenna, a transmitter with a variable 
power, duty cycle and PRr and the appropriate feed systems# The test 
would also provide evaluation of the antenna for use in other microwave 
pro j ects ( solar power) • 


P/L REQUIREMENTS BASED ON: 0 PRE-A,Q A,Q B,D C/D 
<i. IIATK )NAl.K AND ANALYSIS: 

(a) Very large antennas are needed to obtain appropriate gain and 
resolution for microwave remote sensing# 

(b) To reduce weight of the antenna open waveguide and microstrip 
designs are being investigated# 

(c) Antennas of this type have been flown on aircraft in much smaller 
versions# 

(d) Without such a test the exact breakdown point of the antenna would 
not be known and the maximum utilization of th j antenna could 
never be used# 


TO BE CARRIED TO LEVEL ^ 


•i 

\ 
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DKKINITION OF TECHNOLOGY REQUIREMENT NO. 

1 TECHNOLOGY REQUIREMENT (TTTl.R)- Test and Evaluation of RAGE 3 OF 

Hnpn F^>pf^ Antj_\/R MirrnwavR Ant.Rnnflp; in Srifir.R — 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 




SCHEDULE ITEM 

m 

m 




Rill 

SI 

Bi 


m 



S3 

m 

5Si 


m 

■ 

■ 

TECHNOLOGY 

lAnelysls 

-Development 

3Test and Evaluation 

4Redesign 

STest and Evaluation 



1 

1 

1 

1 

1 


1 

1 


1 

1 

1 


1 

1 





s 

APPLICATION 

1. Des4;n (Ph. C) 

2. Devi/ Fib (Ph. D) 

3. Operations 

1 



1 

■ 

1 

1 

1 

1 













1 

1 

1 

1 

1 

1 

■ 

II 

1 

1 

II 

1 

1 

II 

1 

1 

1 

■ 

i;j. USAGE SCHEDULE: 






TFCHNOLO. : NEED DATE 

r 

r 

r 

r 

r 












1 

:OTAL 
I 

NT.tMBER O I.AUNCHES 

II 

II 

II 

II 


2 

2 












11 WEFFRENCES: 

15. LEVEL OF STATE Oi 

I . VC PHKNOMt NA OnSK RV» D 

r. tiif.ory TO Dts 

3, rrfi '»rt\ T^s^Il:n n\ piivsir vi, 

OH .'.Uliu: .METICAL VOPU.. 

4. PtRTJ.M NT M NCI .UN 0|» ITIA 

E.f .. MATtHUI.. (UVI»0\K 

FA 

AND 
t K!W 
FXPl 

HAC7 

NT. 

RT 

^rro 

pm 

:rim( 

ERISI 

:u\ 

RTKE 

NOM 

NT 

nr D 

$. COMPONFNT on OREAi^BOARO TtSTtD IN RELEVANT 
ENVIRONMENT IN THE LARORA7DRY. 

K 6, MODEL : ESTED IN AIRCRAI*T LNVIRJNMENT. 

f:na t. model tested in space environment. 

$. NEW CAPAiaLm* DLRIVTD FROM A MUCH LESSER 

operational model. 

FMONSTRATED. 9. RELIABILITY UPORADINC OF AN OPERATIONAL MOOl*-. 

10. UFETIME EXTENSION OF AN OJ LHATIONaL MODEL. 
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3. DEPLOYABLE MICROWAVE REFLECTOR ANTENNA 


Application 

The payload antenna will demonstrate the technology developments 
leading to a low-loss, efficient large aperture scanning antenna for micro- 
wave remote i-snsors* 

Payload Description 

The antenna will be a demonstration article used to prove the tech- 
nology required to provide large erectable-relector and phased-array an- 
tennas for microwave remote sensing of the earth’s surface* 

Technology Advancement Required 

The technology must be developed in the following areas: 

1. Wide-band feed clusters for reflector antennas* 

2* Determination of antenna pattern distortion associated with a 
scanning feed* 

3, Methods required for preserving the surface tolerance of very 
large reflectors* 

4* Low-loss and/or loss-stable phased-array components* Cryogenic 
cooling of phase shifters, power dividers, etc* may be required. 

5* Solutions of structural and mechanism problems related to these 
large antennas* 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1 . TECHNOLOGY REQUIREMENT (TITLE): Antennas for Remote PAGE 1 OF 

Sensing (Deplayable Reflector Antenna) 

2. TECHNOLOGY CATEGORY: Environment 

:L OBJECTIVE/ ADVANCEMENT REQUIRED: Development of low-loss > efficient 

large aperture scanning antennas for microwave remote sensors. 


L ('URRENT STATE OF ART: Space erectable, parabolic, antenna reflectors up 

to 10 meters in diameter are well within the present state of the art at 

S^band (cont«i, on p, 4) HAS BEEN CARRIED TO LEVEL 

S, DESCRIPTION OF TECHNOLOGY 

In the years beyond 1580, there will be a need for large erectable-reflector 
and phased-array antennas for microwave remote sensing of the earth’s 
surface. These antennas will require (a) a scanning capability, (b) low side 
lobe levels, (c) very low or accurately known ohmic losses, (d) polarization 
purity, and for some applic.^tions (e) wide bandwidths. The /^T5 program 
demonstrated that large parabolic reflectors can be erected in space. As 
inoicated previously, however, parabolic reflectors are not suitable for 
remote sensing for the reasons listed. Therefore, other reflector types 
must be investigated to meet the general requirements listed. For reference 
purposes, the advartages and disadvantages of a few reflector types are 
listed below. 

(cont’d. on p. 5) 

P/L REQUIREMFNTS BASED ON: □ PRE-A.Q A.Q B.Q C/D 

HATIONAI.K AND ANALYSIS: 

(a) The 5easat-A radiometer and scatterometer systems offer a spatial 
resolution of approximately lOQ km. This resolution is adequate for the 
study of ocean dynamics, but much too coarse ""or other applications. For 
example, radiometric temperature measuremt nts over a cell not exceeding 10-2D km 
is required for the data to be of value to the fishing industry. Near^ coastal 
zone, earth resources, and topside weather radar measurements require even 
finer spatial resolution. Hence, a more widespread variety of users can be 
satisfied by increasing the spatial -"'esolution. 

(b) Users are generally uninterested in remote sensing measurements 
unless a cross-track swath of data is collected. 

(c) The user is demanding more accurate data. In the area of microwave 
radiometry, the antenna ohmic loss and side lobes are the major contributors 
of accuracy degradation. 


TO BE CARRIED TO LEVEL 
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DEFINITION 07 TECHNOLOGY REQUIREMENT 


NO. 


I 

\ 



y. POTENTIAL ALTERNATIVES: 


In the area of microwave radiometry, there is no obvious method of achieving a 
high resolution swath without resorting to large antennas* 

For active, nonimaging systems, it is possible to reduce the antenna size in one 
dimension and use the doppler effect to discriminate range cells along the 
satellite track* Swath width can be developed by orienting the fan beam at an 
angle to the satellite velocity vector, 

(cont^d* on p* 6) 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


The new Advanced Applications Flight Experiment (AAFE) contract on large 
reflector antennas and the RTOPs at JPL (£45-25-02, 506-20-22, 506-17-15) are 
somewhat related to the described requirements* 

The state of the art (of remote sensing antennas) at the need data if NASA ex- 
pends no special effort in this area will probably be as follows: 

(cont*d. on p. 6) EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 

With regard to reflector antennas for remote sensing, the feed scanning area must 
be investigated - in particular the mechanical design required if movement of the 
feed is necessary. The deployment mechanism, actuating system, etc., must be 
developed for offset feed reflectors. 

In the area of phased-array antennas, work must be conducted to determine thermal 
control designs for cryogenic phase distribution networks. Tradeoff studies will 
be needed to determine the best approach for variable phase shifters. Then the 


array design approach could be formulated. 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 





1. TECHNOLOGY REQUIREMENT (TITLEV. Remote Sensing Antennas PAGE 3 OF 
(Deployable Reflector Antenna) 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 
CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1. Remote Sensing Design 
Requirements ( Analysis ) 

-•Survey of Reflector _ 

Design 

Reflector/Feed Design 

4. Fabrication of 

Engineer Model 

5. Ground Tests (Thermal, 

Electrical) — 

APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 

USAGE SCHEDULE: 


— 
technology need date 

















TOTAL 

L 

NUMBER OF LAUNCHES 




















14. REFERENCES: 

1. **Deployable Reflector Design for Ku-Band Operation,.” NASA CR-132526, Harris 
Corp., September 1974, 

2. ”Large Deployable Antenna Shuttle Experiment,” Research and Technology 
Operating Plan 645-25-02, Jet rropulsion Laboratory, July 19, 1974, 

3. ”Large Deployable Antenna Shuttle Experiment,” JPL Interoffice Memo 3392- 
75-42, February 24, 1975, 

4* ”Dual-S and Ku-Band Tracking Feed for a TDRS Reflector Antenna - Tradeoff 
Study,” N75-10312, NASA CR-139122, Martin Marietta Aerospace Corp. 


LEVEL OF STATE OF ART 


1. RASrC PHKNOMKNA OaSEHVKD AND nEPORTKO. 

2. THEORY ^'ORMrLATET) TO DESCIHBE PJH NOMF.NA. 

3. TKE(Un TESTED BY PHYSICAL EXPERIMENT 

OK mathematical model. 

4» PEKTINENT K‘ NOTION OH CHAHACTEIUSTIC DEMONSTRATED, 
E.G.. MATEI<L\L, ^0^•^O^KNT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAROMIORY, 

6 , MODEL TESTED IN AIRCR^VH ENVIRONMENT, 

?. MODEL TESTED IN SPACE L.WIRONMF.NT. 

a. NEW CAPAmi.ITY DLRm:D FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. REUARILITY UPORyXDlNC OF AN OPERATH >NAL MODEL. 
10. LIFETIME EXTENSION OF AN OPERATIONAL M M)KL, 
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DEFINITION OF TECilNOLOGY REQUIREMEx,x 


NO 


1 . TECHNOLOGY REQUIREMENT (TITLED: Antennas for Remote PAGE^ OF^ 


4. CURRENT STATE OF THE ART (cont'dj: 

operating frequencies. X-band frequencies have also been used with reflectors 
of this size in space applications. The most recent application is the 40-foot 
diameter parabolic reflector currently deployed and operating on the AT5-F 
spacecraft. The state of the art for reflectors of this, size has been improved 
t ough the Advanced Applications Flight Experiment (AAFE) Contract NASA-11444 
ii\lASA CR-132526). Included in this contract was the demonstration of the 
lightweight, double-mesh concept through the fabrication of a 12.5-feet diameter 
reflector (weight 23 lbs.) for Ku-band operation. This design concept will 
probably be used on the Tracking and Data Relay Satellite (TDRS), The AAFE 
Program is extending the large reflector studies under a contract that will 
investigate design possibilities for reflectors up to 100 meters in diameter. 

In a parallel effort, \he Jet Propulsion Laboratory is proposing a large 
Deployable Antenna Shuttle Experiment (LDASE). The recommended reflector size 
for this experiment is 100 feet in diameter with a surrace quality of 0.050 
inch (vms). The recommended size and surface quality for LDASE was based on 
mechanical consideration only, since it was considered inappropriate to base 
the size of the antenna on user requirements. (Ref. JPL Interoffice Memo 
3392-75-42.) Since a parabolic reflector would be selected for a 100-foot 
diameter design. However, there are several di sadvontages in using parabolic 
reflectors remote sensing applications, A few ere listed below: 

a. Some energy is reflected back into the feed, 

b. The feed partially blocks the radiating aperture (this causes a loss 
in gain and an increase in side lobes). 

c. The receiver front end has to be mounted at the focal point to avoid a 
long waveguide run to the back of the dish. This is not convenient. 

d. Beam scan by feed movement is limited to a few beamwidths before there 
is excessive gain loss. 

e. Spillover is highest in rearward direction. 

Therefore, the current state of the art as well as present plans for the 
future appear to be oriented more toward pa: jolic reflectors for communications 

and others, rather than reflectors for remote sensing applications. 


«=«r.C' 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 

1 . TECHNOLOGY REQUIREMENT fTITLE)! Antennas for Remote PAGES OF 


5* DESCRIPTION OF TECHNOLOGY (cont*d.): 


A* Spherical Reflector 

(1) Advantages 

(a) This type of structure allows excellent wide angle 
scanning even as much as ±15° by a simple rotation of the feed about 
the center of the sphere. (More conservatively, one could expect a 
scan capability of 25 beamwidths with ^ 1 dB loss). 

(2) Disadvantages 

(a) Some radiated energy is reflected back into the feed. 

(b) The feed blocks the radiating aperture. 

(c) Receiver has to be mounted at the focal 'int. 


Offset Fed Reflector 


(1) Advantanco 

(a) There is no feed blockage and 
usually no support blockage, too. 

(b) No radiated anergy is reflected 
back into the feed. 

(c) Spillover is directed neither 
forward or backward. 


Disadvantages 


(a) Beam scanniity by feed movement is not widely documented. 

(b) In one plane, the beam tends to be asymmetrical. 

(c) Design principles and procedures are not widely known. 


Offset Fed Cassegrain 


(l) Advantages 

(a) There is no blockage due to 
supports or subreflectors. 

(b) Spillover Is not rearward. 

(c) The offset subreflector allows 
for some better aperture utilization than 
the single reflector offset fed antenna 
due to spillover. 






DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REQUIREMENT (TITLE); Antennas for Remote 
Sensing (Deployable Reflector Antenna) 

. PAGE 6 OF 6 




5. DESCRIPTION OF TECHNOLOGY (cont*d.): 


(2) Disadvantages 

(a) In existing configurations, the axss of rotation are not 
orthogonal* This may require some angular coordinate conversion in the 
positioning mechanism* 

(b) Design not known. 

Therefore, from this brief reflector comparison, it can be seen that 
reflectors other than parabolic may be amenable to remote sensing appli- 
cations. The problems associated with, for example, the spherical or 
offset feed parabolic section should be addressed* These particular 
antennas are of interest for remote sensing because they exhibit wide angle 
scanning and no spillover characteristics, respectively. Mechanical 
inertia will more than likely preclude scanning the reflector; hence, the 
problems associated with fast beam steering by motion of the feed should 
be addressed* 

The phased array if of interest because scanning and multiple beam 
operation can be achieved by electronic means* This, therefore, eliminates 
the need for torque compensation on the spacecraft* However, the packaging 
erection and the relatively large ohmic losses present technology problems 
which must be addressed before the arrays are suitable for remote sensing 
applications* 

9* POTENTIAL ALTERNA*T IVES (cont'd*): 

In principle, the resolution offered by the synthetic aperture radar 
increases with decreasing size of the physical aperture* In practice, 
however, reasonably large antennas are needed for gain to boost the signal- 
to-noise ratio. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT (cont*d*): 

(a) A capability for deploying large parabolic (approx* 100 feet 

in diameter) reflectors will be available but no capability for reflectors 
more conducive to remote sensing applications* 

(b) Dual frequency, tracking feeds will be available hut none with 
scanning capability suitable for remote sensing* 

(c) A capability will exist for packaging large reflector antennas 
and this could be applied to remote sensing designs* 
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E-2 IMAGING RADAR CALIBRATION SYSTEM 


Agplication 

The system would enhance the ccrrelation of imaging radar data taken 
at different sites or on different missions. It will allow quantitative 
back- scatter measurements to be made while in orbit. 

Payload Descript ion 

The payload will consist of a functional imaging radar system which 
allows a testing of the calibration subsystem. To provide full or absolute 
calibration of an imaging radai, several techniques must be applied simul- 
taneously to relate the power transmitted to the power returned. First, 
a stabilized source is required to provide a sample of the transmitter power 
with distinct step amplitude levels to the receiver and associated processor 
and data system. Secondly, a thorough knowledge of the antenna is needed, 
such as illumination coverage, power transfer through the antenna, and 
changes of the antenna because of environmental conditions. Thirdly, an 
understanding of the effects of the atmosphere between the antenna and 
target is needed to understand loss of signal and phase rotation. Fourth, 
an array of extended and controlled ground targets, with ground truth, is 
required to determine ths total effect of the target signal to the output 
of the radar system. The stable source will be used to monitor and correct 
for any changes in the radar electronics, such as change in output power, 
system sensitivity, stability, etc. Knowledge of antenna characteristics 
will allow for corrections of data due to antenna ground coverage^ gain 
variations, transfer lodses, etc. Knowledge of the atmospheric effects 
will allow for corrections of the data due to losses or phase rotations 
through the signal transfer medium. The ground range will provide a stan- 
dard reference to which all other target data can be absolutely related or 
correlated. 
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Technology Advancement Reouired 


The calibration system depends on improvements in several areas# A 
long term stable electronic reference signal is required. Complete know- 
ledge of the antenna performance must be available# Improved modeling of 
the earth*s atmosphere must be available# Ground truth arrays observable 
by the orbiting radar are necessary as are variables associated with the 
earth* s surface reflectivity# 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Imaging Radar PAGE 1 OF 3 

Calibration System Development 

2 . TECHNOLOGY CATEGORY: Remote Sensing 

3. OBJECTIVE/ ADVANCEMENT REQUIRED- Incr. ase th a ability of imaging 

radar systems to make quantitative back-scatter measurements from orbit. 


•4. CURRENT STATE OF ART: An electronic system has been tested in an air^ 

craft, but no end to end system calibration system involving extended ground 
ta rgets has been developed# HAS BEFN CARRIED TO LEVEL 6 

5. DESCUIPTION OF TKCIINOLCGY 

Radar images are used for several Earth Resources Survey applications. Present 
systems provide a map of the imaged area at different frequencies, polariza- 
tions, etc., depending on the capability of the system* An objectional 
characteristic of these systems is that the data cannot be completely corre- 
lated from mission to mission or site to site because the data cannot be 
compared to a common reference. A calibration system will be developed which 
utilizes stabilized microwave components and references that would provide 
calibration of the data during data gathering. The calibration system would 
be an electronics and field application of new techniques. 


P/L REQUIREMENTS BASED ON: 0 PRE-A.Q A.Q »,□ C/D 
<i. RATIonauE AND ANALYSIS: 

(a) 

(b) 

(c) 

(d) 


TO BE CARRIED TO LEVEL 7 


Amplitude calibration of back-scatter will be required if imaging radar 
systems are to be used to make quantitative remote sensing measurements. 

A combination of electronic references and a controlled field array 
can provide this measure of calibration. 

Without such a system, only relative measurements j- * made. 

This technology should be carried to an experiment'.! J'^nifjnstration 
on an early shuttle flight. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENTfTITLEL Imanlna Radar PAGE 2 OF i. 

Calibration System Development 

7. TECHNOLOGY ONIONS; 

Back-scatter measurements may also be performed with a scattorometer. 

These instruments may be calibrated to an accur cy of + 8 db« However, 
scatterometers can only take data fore and aft uf the flight line and do not 
provide an image# Using a scaxterometer to gather the same data, an imaging 
radar would require repetitive flying of parallel flight lines# 


8. TECHNICAL PROBLEMS: 

1# Development of a stable electronic reference signal# 

2# Realistic modeling of the earth’s atmosphere and factoring the model 
into the calibration system# 

3# Variables associated with the earth’s surface reflectivity# 

4# Knowledge of the antenna system* 


i). POTENTIAL ALTERNATIVES: 

Perform relative measurements using large extended targets such as water, 
sand and grassfields ns standards to compare to roughen targets# 


10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTCP 645-30-07# Earth Resources Shuttle Imaging Radar (ERSIR) could be 
expanded in scope to also investigate calibration# 


EXPECTED UNPERTURBED LEVEL ± 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Improved imaging radar techniques for aircraft applications# 


I 

i 

i 

4 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Imaging Radar 

r.aiihfation System Developnient ^ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


PAGE y OF 3 





2. Electronic Developmen 

3. Range Development 

4. A/C Evaluation 

5. Implement on ERSIR 

6» Shuttle Flight 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDULE: . , , — ^ r— , — r~T 

n I 1 I I 1 i 1 1 1 I TOTA 

TECHNOLOGY NEED DATE' ' ' > ' ' ' A l l l l l l l l l . 


NUMBER OF LAUNCHES 


14. REFERENCES: 

(1) •’The Response of Terrestrial Surface at Microwave Frequencies 

W« H. Peake and T» L, Oliver, Technical Report No, AFAL-TR-70-301, Ohio 
State University, May (1971) J 

(2) Moore, R. K,, "Ground Echo" in Radar Handbook, Ch. 25, M. I, Skol.nik, 
ed,. New York* McGraw Hill, 1970 

(3) "Amplitude Calibrated Techniques Applied to the Environrental Research 
Institute of Michigan’s Airborne SAR System," R, W, Larson, F, Smith, 

R, J, Salmet and W, Zimmerman, ERIM, Proceedings of 19th Annual Trr- 
Service Radar Symposium 

(4) "Specification and Testing of Airborne Imaging Radars" Study S-296 

S, Fiarder Institute of Defense Analysis, Science and Technology Division, 

12/67 



2 2 2 2 2 18 


(5) "Imaging Radars for Earth Resources" 
006, July, 1969, (Lanon Stafford) 

15. LEVEL OF STATE OF ART 

1. BASIC PHICNOMIINA OD8CRVKO AND HErO'^TCD, 

TtieORY »X>UMlTLATEDTODESCKllJE PtlENOMCNA. 

3 . theory TESI ED by PinSICAt EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CliAKACTERiailC DEMOHSTRATSD, 

B.C.. MATERIAL, COMPONENT* ETC. 


Technical Report LEC/HASD 649i^-21- 


B. CCMiPONrNT OR BREADBOARD TESTED IN RELEVANT 
iMVmONMEHT IN THE lARORATORVi 
e, MODEL TESiED IN AIRCRAFT ENYIRONMEKT. 

T. MODEL TESTED IN SPACE CNVmONMENT, 

I. HEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPKRATtOHAL MOCH^L. 

§• RELIABILITY UPGRAOINC OF AN OPERA HONA.- MODEL. 
t«. unriMK EXTiwwo s or as ojesATWWA* . woott . _ 














E-3 SUBMILLIMETER WAVELENGTH RECEIVERS 


Applic ’ Lon 

The submil^ “'meter wavelength receivers have use in the following applica- 
tions: 

(1) Terrestrial Atmospheric Observations from the Shuttle Orbiter. 

(2) Astronomical and Planetary Observations from the Shuttle Orbiter • 

, Radiometric Sensors on Missions to Planfets and Comets. 

(4) High Data Rate, Secure Inter-Satellite-Spacecraft Communications. 
Payload Descriptio n^ 

The system proposed is a submillimeter (to 1000 GHZ) low-noise coherent 
receiver combining microwave and optical techniques and its supporting sub- 
systems. It can be used as a radiometer for remote observations of terrestrial 
atmospheric parameters which cannot be measured at the lower frequencies* One 
example is the measurement of CIO to 10^^ relative atmospheric abundance from 
observations at 980 GHZ. Observations of submillimeter spectral lines of planet 
and comets will provide basic scientific information and improved definition of 
payloads for plane tory missions. The receivers will provide higher data rate 
communications than previously available. Because of atmospheric absorption, 
secure satellite and spacecraft communications are feasible. The capabilities 
of this kind of system are desirable in the early period of Shuttle Orbiter 
operational status. 

Technology Advancement Required 

The technical problems are: 

(1) Efficient coupling of signal and local oscillator to non-linear device 

(2) Production of efficient non-linear devices for operation at 1000 GHZ* 

(3) Production of local oscillator sourcos for 1000 GHZ. 

Assuming an operational readiness requirement of mid-1980, development of 
the receivers should be embarked on now. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1. TECHNOLOGY REQUIREMENT (TITLE): Development of 


PAGE 1 OF _3_ 


Submillimeter Wevelenijth Rerei-vers 


2. TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT RF.QTITRF.D; Increase d operating frequency (.to. 


IPOD GHzI of low-noise coherent receivers through combination of microwave 


and optical techniques# 


4. niRKFNT STATF. OF ART- Low-noise coherent receivers _have been develgp^l 
at frequencies up to«vl00 GHz, as typified by present ground-based radio 


astronomy instrumentation# 


HAS BEEN CARRIED TO LEVEL ± 


5. PESCUIl’TION OF TECHNOLOGY developments xn four areas ate 

requxxed in order to produce low-noise coherent receivers operating up to lUUU 
GHz frequency* These areas, and recent advances which indicate the feasibility 
of obtaining such receivers, ares ^ ^ 

1) Ontical front end for receiver * An extremely high-efficiency optical receiver 
front end for operation at 115 GHz has been developed for the JPL Microwave Limb 
Sounder experiment for the Space Shuttle* Such techniques can b e used to 1000 
GHz and higher* 

2) Coupling of signal and local oscillator to non-linear device . Quasi optical 
techniques, being developed by GISS and JPL, appear capable of operating to 1000 
GHz* 

3) Non^^linear devices * Schottky-barrier diodes having non^circular dot geometry 
(novi being developed by U* Va* under JPL contract for operation at 180 GHz) could 
be developed for low-noise operation to 1000 GHz* Josephson junction devices 
could also be used for these devices* 

Local ^o scjJ-l^^tor sources • Solid-state Gunn or Impatt oscillators operating 
above 100 GHz have been developed, as well as high— efficiency multipliers to 300 

S'looSISn PKE-A.n a.D b.D c/d 


G RATIONAl r AND ANAL YSIS* Low-noise, coherent, submillimeter wavelength re- 
ceivers will be of extreme importance to the space program in the 1980-2000 time 
frame for several applications listed below* The technology advancement should 
be carried to an experimental deifibnstration on an early Shuttle flight* 

Terrestjc iql Atmospheric Observations from tne Space Shuttle * The receivers 


will be used as radiometric sensors for remote observations of atmospheric para- 
meter^ which cannot be measured at the frequencies* One example is the measure- 
ment of CIO to 10-11 relative atmospheric abundance from observations at 980 GHz* 
Measuirement of CIO is particularly important for understanding the extent to 

from aerosol cans will deplete Earth's ozone layer* Such measure- 


whici 


Many other important molecules 


ments could influence national policy decisions* 
can also be measured with such receivers* 

Astryi^omical and_^Plaaetarv Obs^ervations from the Scace Shuttle * The receivers 
will be used for observations of planets, comets and interstellar molecules which 
cannot be observed from the ground* Fcr example, observations at 180, 325, and 
557 GHZ will tremendously improve knowledge of the known interstellar H2O maser* 
Ocaervations of subm^illimeter speqtral lines of olaneta and, cometa will orovide 
basic. scientific information anci improved definition or payload Tor p 
missiona# 

3) Miesions to Plan ers and Qomgts * The receivers will be used as radiometric 
sensors on missions to Venus, Jupiter, Saturn* and Uranus* 

SpBco n raft and Secure Sat^ellite Communications * The receivers will provide 

higher "rta rate communications than previously available* Because of atmos- 
pheric absorption, secure satellite and aircraft communications are feasible* 

TO BE CARRIED TO LEVEL J, 
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DEFINITION OF TFCHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REOUIREMENTmTLE^: Develooment of 

PAGE 2 OF 

SubmilJimeter Wavelength Receivers 

7. TECHNOLOGY OPTIONS: 


None. 



8. TECHNICAL PROBLEMS: 

!• Efficient coupling of signal and local oscillator to non-linear device. 
2m Production of efficient non-linear devices for operation to lOOC GHz. 

3* Production of local oscillator sources to 1000 GHz. 


9. POTENTIAL ALTERNATIVES: 

The technical problems menti3ned above can be solved through a logical develop- 
mental program. Techniques for solving these problems are mentioned in 
5 above. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTQP 180-78-56, "Millimeter Wave and Far Infrared Detectors," has supplied 
some of the background work to develop efficient techniques for coupling signal 
and local oscillators to non-linear devices. Present programs will lead to 
development of receivers to 100 GHz only. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

No related technology is required for obtaining usable receivers. Development 
of low-noise intermediate frequency maser amplifiers and cryogenic coolers 
for use in space would improve the performance of the receiver. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT mTT■E^; Development of 
Submillimeter Wavelength Receivers 


PAGE 3 OF 3 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 
1. Prototype 180 GHz 

Receiver. ••■••••••••■ 

360 GHz Receiver .... 

3. 1000 GHz Receiver 

4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


TOTAL 


62 


14. REFERENCES: 

1, "A Quasi Optical Local Oscillator Injection System," by J. J. Gustincic, 

Proc. URSI National Meeting, Boulder, Colorado, October 1975, 

2, "Varactor Frequency Doublers and Triplers for the 200 to 300 GHz Range," 

L, 0, Cohen, et al,, 1975 IEEE MIT Symposium, Palo Alto, California, 
1975, 

3, "Impatt Source for 184 GHz Phase— Locked Local Oscillator for Jet Propulsion 

Laboratory," proposal by Hughes Aircraft Co,, April 1975, 

4, "Cryogenic Cooling of Mixers for Millimeter and Centimeter Wavelengths," 

S, Weinreb &, A, Karr, IEEE Jnl, Solid State Circuits SC-8, 58, 1973, 

5, "Millimeter-Wavelength Radio Astronomy Techniques," A, A, Penzias &. C, A, 

Burrus, Ann, Rev, Astrn, Astrophys,, 51, 1973, 

6, "Prospects for Microwave Limb Sounding of the Atmosphere," J, W, Waters, 

Opt, Soc, America Topical Meeting on Remote Sensing, 1975, 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOME.NA OBSEUVED AND HtrORTED. 

2, TIIEOHY KOUMUIATFD TO UESCKIBE PHENOMENA. 

J. THEOin TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL, 

4 . PERTINENT 1 LNCTlON OR CHARACTERISTIC DEMONSTRATED. 
E.C.. MATEItUL, C(.'^'PO^K^’T, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAl'ORY. 
e. MODEL TESTED IN AIRCRAET ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENMRONMENT. 

S. NEW CAPAIULITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. RELIABILITY UPORADINC OF AN OPERATIONAL MODEL, 
10. UFETIME EXTENSION OF AN 01 ERATION.U. MODEL. 
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E-4 EARTH VIEWING IR COMPONENT EVALUATION 


Application 

This payload consists of a number of advanced infrared components 
that have a variety of earth viewing and planetory applications. Specifically 
this payload supports the following Outlook for Space themes: 

01 - Production and Management of Food and Forestry Resources 

02 - Prediction and Protection of the Environment 

03 - Protection of Life and Property 

11 - The Evolution of the Solar System 

i~ avload Description 

This payload consists of a cluster of four infrared radiometers each 
with its own detector and detector cooling system. One of the radiometers 
will be equipped with a filter wheel or other filter exchange mechanism. 

It is envisioned that this payload would be used to demonstrate infrared 
components prior to their being committed to a particular spacecraft system. 
The radiometer cluster would have about a 500 meter ground resolution from 
Shuttle altitudes and would be used in an earth viewing mode. The result- 
ing measurements have application in planetary thermal mapping, cloud cover 
monitoring, ice and snow field mapping, sea surface temperature mapping, 
land surface thermal mapping, and earth and planet cloud top temperatures. 

The advanced infrared detectors demonstrated in this payload would also have 
wide application in a variety of infrared spectrometers. A technology 
demonstration flight in about 1983 would enable the technology to be utilized 
on missions launched after 1985. Listed in the 1973 mission model are 11 
planetary and cometary missions and 30 earth observation missions between 
1985-1991 that could use this technology. 

The pointing system employed would be capable of pointing to a 
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particular area on the earth and complete a quick scan of the area or the 
Shuttle passes over. 

Technology Advancement Required 

A. COOLERS - It is envisioned that each of the four radiometers 
utilize a different coder concept# At least two of these coolers should 
be cooling engines of the Vuilleumier or Sterling type. One of the coolers 
should be an advanced solid cryogen and one should be a liquid cryogen 
cooler. In the field of infrared coolers the main technology advancement 
required is that of long life. Although a seven or fourteen day Shuttle 
sortie mission will not yield a great deal of data toward the goal of a 
two (2) year cooler lifetime, it will enable the cooler to operate coupled 

to an IR detector in vacuum and a zero g field. Vibration problems associated 
with the cooling engines can be investigated and actual power consumption 
and cooler performance can be monitored. The solid and liquid cryogenic 
systems were included into the payload tc encourage development of these 
cooling concepts. Although the cooling engines have received more attention 
in recent years because of their potential longer life, it is not entirely 
clear that with the relaxed payload weights in low earth orbit made po ssible 
by the Shuttle system that a rotating engine will be more cost effective, 
reliable, and longer life than a solid or liquid cooler. 

B. DETECTORS - The desired trend in infrared detectors is to increase 
the dynamic and spectral range. If an advanced infrared detector can be 
developed with sufficient sensitivity range from about 3 to 1 5 micrometers, 
it will greatly increase the usefulness of a particular IR instrument while 
reducing its cost. The temperature sensitivity of most IR detectors is as 
much as 0.5?5 per degree Kelvin. If this sensitivity could be reduced it 
would greatly relax cryogenic cooler stability requirements. 
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D. POINTING SYSTEMS - The pointing system envisioned in this payload 
will not be completely described in this writeup but would have the capability 
to point to a given area and complete a rapid scan of that area while the 
Shuttle passes over the particular target. 

Associated Mission Model 


Payload Number 


Name 


PL-13 

PL-20 

PL-22 

PL-26 

LUN-1 

EO-3 

EO-4 

EO-7 

EO-B 


Mercury Orbiter 
Mariner/Saturn Orbiter 
Jupiter/Saturn Orbiter/Lander 
Asteroid Rendezvous 
Lunar Orbiter 

Earth Observation Satellite 
Sync. Earth Observation Satellite 
Sync. Meteorological Satellite 
Earth Observation Sortie Mission 
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DEFINITION OF TECHNOLOGY REQ UIREMENT NO. - 

aeaaa^s . ■' := -i 

1. TECHNOLOGY REQUIREMENT (TITLE): Ultra Narrow Band PAGE 1 OF ^ 

Filter for Remote Sensing 

2 . TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REpTlTREDr Design and develop Infrared bandpass 
filters of the Fabry Perot Interference type to advance the capability of IR 
spactroradiometers for the detection and measurement of line strengths in 

OF ART: Visible filters have been carried to level 6 

(Fraunhofer Line Discriminator Program) « IR filters are in the early design 

HAS BEEN CARRIED TO LEVEL 2 _ 

5. DESCRIPTION OF TECHNOLOGY 

Ultra narrow band filter requirements for atmospheric absorption experiments: 
Wavelength range: 5y to 20y (2000 cm"^ to 500 cm^^) 

Full width) half max* range: 3 x 10“^y to 1 x 10“^y (0*12 cm"^ tp 0*025 cm”^) 

Transmission: 0*50 

Optical ray cone angle: 2 ° 

Operating temp: 80°K 

By tilting the filter, limited wavelength tuning can be accomplished to scan 
several spectral lines in the IR spectrum* 

P/L REQUIREMENTS BASED ON; □ PRE-A*D A>P B,D C/D 
G. RATIONALE AND ANALYSIS: 

!• Filters to be incorporated into a differential absorption spectro- 
radiometer to measure atmospheric gas composition and pollutants. 

2. Global coverage of the Earth environment from air-Sat or Shuttle. 

3. Provides greater spectral specificity and detection capability over 
present broadband filters used in LRIR or proposed LACATE sensors* 


TO BE CARRIED TO LEVEL ^ 


/ 
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DEFINinON OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): Ultra Narrow Ba.-d PAGE 2 OF 

Filter for Remote Sensing 

7. TECHNOLOGY OPTIONS; 

IR Laser tuning techniques may accomplish same measurements in differential 
absorption spectrometry* 


8. TECHNICAL PROBLEMS: 

IR Material selections, design for specific wavelength filters, wavelength 
shifts with filter temperature change, integration of filter and detector 
into compatible sensing subsystem* 


9. POTENTIAL ALTERNATIVES: 

Useful as a blocking filter in laser tuning differential absorption 
spectrometry* 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

None* 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Requires use with large diameter collecting optics (1 meter) and cooled 
detector filter subsystem* 











DEFINITION OF TECHNOLOGY REQUIREMENT 

1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Ultra Narrow Ban 
Filter fo r Remote Sensing 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


PAGE 3 OF 


SCHEDULE ITEM 

TECHNOLOGY 
1« Analyses 

2. Design 

3. Fabrication 

4. Ground Task 

5. Space Checkout 

APPUCATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 


13. USAGE SCHEDULE: 

1 

TECHNOLOGY NEED DATE 

NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES: 


Ultra narrow band interference filter - AAFE Proposal Summer 1975 


15. LEVEL OF STATE OF ART 


l. BASIC mtENOMC.NA O08EIIVED ANO HErORTED. 
t. THEORY roUMl'LATCD TO OESCiUBE PHENOMENA. 

9. niEORY TESTED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEI.. 

4. PERTINENT EL'NCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C.. MATEHUL, COMPONENT. ETC. 


S. CXNIPONFNT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

S. MODEL TESTED IN AIRCRAIT ENVIRONMENT. 

Y. MODEL TESTED IN SP.ACE ENVIRONMENT. 

S. NEW CAPAIEUTY DERIVED FROM A. yUCII LESSER 
OPERATIONAL MODEL. 

t. RELUBILITy UPGRADIHC OF AN UPERATI«>NAL MODEL. 
19. UFETIME EXTENSION OF AN Ol’LRATIONAl. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Infrared Detectors for PAGE 1 OF Jl. 

Remote Sensing 

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Optimize detectivitv« response time 

and operating temperature, 


4. CURRENT STATE OF ART: In the 1-14 micrometers range, II-VI c.nd 

semiconductor detectors have detectivities above cm^-^Hz^-watt"*^ but requiie 

cooling to B0°K. (See p. 4) HAS BEEN CARRIED TO LF VEL 


5. DESCRIPTION OF TECHNOLOGY 


The III-V and II-VI semiconductor detectors are available in photoconductive 
devices or photovoltaic devices. From 1-5 micrometers, binary compotmds will 
suffice. Above 5 micrometers, the peak response as a function of wavelength 
can be varied in a II-VI ternary compound (for example, 

^^1-x changing the ratios of the Group II constituents. 

A pyroelectric detector consists of a slab of pyroelectric material having 
two opposite face areas coated with conductive layers to form a capacitor. 

A change in temperature generates a signal current proportional to the pyro- 
electric coefficient. To opt.^mize the signal, a material should possess a 
low heat capacity, low dielectric constant, and large pyroelectric coefficient. 
Since the signal current is proportional to the rate-of-change of the tempera- 
ture, this detector is more attractive than other types of uncooled thermal 
detectors for higher frequency applications. 

P/L REQUIREMENTS BASED ON; □ PRE-A.O A,Q B.Q C/D 


(J . RATK )NALE AND ANALYSIS: 

These devices are used for remote sensing in earth resources missions, 
environmental pollution monitoring, and thermal mapping. 


TO BE CARRIED TO LEVEL B 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENTmTLE^: Infrared Dectectors for PAGE 2 OF i. 


7. TECHNOLOGY OPTIONS: 

The detectivity of the II-VI ternary compounds can be increased to the point 
where it is practical to operate these devices at higher temperatures than 
80°K, The detectivity of the pyroelectric can be increased to'V lO^^cm-Hg^-. 
watt“l. 


8. TECHNICAL PROBLEMS; 

1. Control of homogeneity in III-V and II-VI materials restricts array 
construction, 

2* Poor reproducibility of detector parameters in III-V and II-VI materials, 

3. Relatively low operating temperature ('V/80°K) in the II-VI ternary 
materials, 

4, Relatively low detectivity in pyroelectric detectors, 

(c>- c*d, on p, 4) 

9, POTENTIAL ALTERNATIVES: 

If temperatures on the order of 35°K can be achieved for the desired mission, 
it is suggested that doped silicon detectors be employed because of their 
higher detectivity in the wavelength range greater than 5 micrometers. In 
addition, the detector preamplifier can be directly incorporated with the 
device. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENTS 

RTOP 506-18-21, "Electronic Devices and Components," contains elements 
bearing on this technology, such as an indium antimonide CCD sensor and 
pyroelectric I'stector materials investigations. 


EXPECTED UNPERTURBED LEVEL X. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Advancement in preamplifier performance technology} improved material growth 
technology! small volume, luw power cooling syateme. 
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NO. 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT mTLE\: Infrared Detectors for PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY: 

Pyroelectric Detectors: 

1. Elec, Component Des, 

2, Component Development 

3. Array or CCD Hybrid 

Fabrication 

4, Space Cht ckout 

III-V &. II-VI Compound 
Detectors: 

1, Materials Growth — 

2, Detector Fabrication 

3, Analysis 

4, Ground Checkout 

5, Space Checkout 


1. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



1* "Infrared Technology for Remote Sensing," Special Issue, 
Proceedings of the IEEE. 63, No. 1 (1975). 


15, LEVEL OF STATE OF ART 

I. BASIC PMBKOMKNA OBS£RVCO AND RBPORTCD, 

I. THSORY :t>HMl>LATCD TO OesCRISE PlIKKOMBMA. 

a. nmonv tested by physical enpcriment 
OR smthemayical model. 

4. PimiNENT FUNCTION OR CHARACTERISTIC DEM0NSTRAT30. 

R.O.. mateiual. component, etc. 


component or breadboard tested IK xelev.\nt 

BMXTRONtlEHT IN TNE URORAT^RY. 

t. MOCEL TEtrreo in aircraft environment. 

<1. MOUCL "'ESTED IN SPACE ENVmONMENT. 
t. NEW CAPAHUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. ISUARLSTY UPORAIIIMC OF AN OPCRATH^AL MODEL. 
Hi UritWMI EKTEMWQX OP AN Ol'ERATIONAt. MODEL. 


I 








DEFINITION OF TECHNOLOGY REQUIREMENT 


. PAG£4 OF 4 

Remote Sensin 


4. CURRENT STATE OF ART: (cont’d.) 

Over the wavelength range 1-20 micrometers, pyroelectric detectors have a 

^ o i -*7_ 

relatively low detectivity (D 5 x 10° cm-Hg^ -watt’*'*") but require little 
or no cooling. 

B. TECHNICAL PROBLEMS: (cont*d.) 

5. Relatively long response times in pyroelectric detectors which 
restricts their practical operating frequency. 

6. Pyroelectric detectors highly sensitive to vibrations. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE) : Red Extended Pin _ __ PAGE 1 OF _3_ 

Silicon Photodiodes 

2 . TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REOTITRED^ To develop pin silicon photodiodes 
that can operate at l»0pni without large sensitivity changes with temperature # 


4. CURRENT STATE OF ART; Fypgently silicon photodiode responsibility is 
very temperature sensitive at 1 u ni^ 

HAS BEEN CARRIED TO LEVEL 


5. DESCKIPTION OF TECHNOLOGY 

Silicon photodiodes temperature sensitivity at lym is large - D^5% per 
This change would appeari for example, as a signal change with solar 
heating. One solution is to extend the peak spectral sensitivity toward 
1 ym. This, however, may force a more undesirable mode, i.e., reverse 
bias. 


P/L REQUIREMENTS BASED ON ; Q PRE-A,Q A.O B.D C/D 

G . UATK )NALK AND ANALYSIS: 

(a) These diodes are needed in remote sensing of aerosols since 1 y m is 

an atmospheric “window” region with no interfering gaseous absorption. 

(b) Could be used on SAM II/Nimbus-G, SAGE/AEM E, and future Shuttle 
missions. 


TO BE CARRIED TO LEVEL 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


** 

1 TEOHNOl-OGY REOUIREMENTmTLE\: Silicon Photodiode... PAGE 2 OF _3 


7. TECHNOLOGY OPTIONS; 


(a) Germanium might be applicable. 

^ * 

(b) Active temperature control. 


8. TECHNICAL PROBLEMS: 

% 

ti ‘ 

? 

V 

Ccnstruction of such diodes. 

> 

9. POTENTIAL ALTERNATIVES: 


None. 

r 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

? 

RTOP 642-12-13 is developing the SAM II/Nimbus-G hardware. 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS; 

f 

None. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1. TECHNOLOGY REQUIREMENT ITITLE): Silicon Photodiode... PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDU1.E ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Analysis &. Design 

2. Breadboard & Test 

3. 

4. 

5. 

** 



















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 







i 






1 

1 

i 


i 





13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 

















T 

pTAL 

NUMBER OF LAUNCHES 

















_ 



14. REFERENCES; 


15. LEVEL OF STATE OF ART 

t. BASIC PHENOMliNA ODSERVCD AND RBrORTED. 
t. THEORY roilMVlATED TO DE.SCIUBE PHENOMENA. 

8. THEORY TK.STED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4. PERTINENT VL'NCTION OR CHARACTERISTIC DEMONSTRATED, 
E.O., MATERIAL, COMPONENT, ETC. 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

4, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SP.ACE ENVIRONMENT. 

I. NEW CAPAIHLITY DERIVED FROM A MUCH U8SER 
OPERATIONAL MODEL. 

f, RELUBILITY UPGRADING OF AN OPERATIONAL MODEL. 
1«. UFETIME EXTENSION OF AN OrLRATION.\L MOl SL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): OptiinizatiQn of PAGE 1 OF _3_ 

Infrared Radiation Detection 

2. TKCHNQT.OGY CATEGORY: Infrared Detectors 

3. OBJECTIVE/ADVANCEMENT REQUIRED: Reduction of low temperature 

operational requirements for infrared detectors 


4. CURRENT STATE OF ART: Low noise tri-metal detectors - operate at 

temperatures no higher than 9D°K as typified by 5191 on Skylab» 

HAS BEEN CARRIED TO LEVEL 7 


5 . DESC UIPTfON OF TEC HNOLOGY 

To generate usable signals in long wavelength infrared detectors | the detector 
must be cooled to temperatures near 77°K. Operation at higher temperatures is 
limited because of the nresence of inherent thermal noise« Frequently, the 
cooling process introduces a significant amount of noise* The use of liquid 
nitrogen cooling is inconvenient, and can be hazardous to personnel* It is 
suggested that a low— noise, moderate temperature detector may be developed 
through a methodical computer aided research program in terms of general 
material, environmental, and impurity considerations such as band structure, 
transport properties, and temperature* 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B.Q C/D 
(5. rationale AND ANALYSIS: 

(a) Relaxed tempexature requirements for infrared detectors are required 
so that weight and power consumption required for cooling may be reduced 
and flexibility may be expanded. 

(b) Low altitude and orbital earth observation remote sensing systems will 
benefit from this technology. 

(c' I'iechanical refrigerators of liquid nitrogen cooling devices severely 
limit the flexibility and the operating time of infrared detection systems. 

vd) This technology advancement will be a new capability derived from 
present infrared detector technology. 


TO BE CARRIED TO LEVEL 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQTIIREMENTmTT.E^: Optimization of Infrared PAGE 2 OF 3_ 
Radiation Detection 

7. TECHNOLOGY OPTIONS: 

An alternative to moderate temperature detectors would be to find a suitable 
means of cooling detectors to low temperature by non^mechanical means such 
as by cryogenic pumping techniques* This type system would be closed cycle 
and free from the noise generated by a mechanical pump. 


8 . TEC HNIC AL PROBLEMS: 

1. Processing or fabrication problems. 

2. Environmental considerations. 

3. Mathematical expression of a generalized detector. 


9, POTENTIAL ALTERNATIVES: 

Investigate detector characteristics as related to fundamental 
material properties separately as well as in combination. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Low-noise pre-amplifiers. 

Design cryogenic refrigerators with less stringent cold temperature 
requirements. 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Optiinization of Infra' 
red Radiation Detection 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 

m 


ffl! 


M 


m 

B8 

B1 

m 

M 


IS 

m 

HI 

B 

Bl! 

■! 

1 

TECHNOLOGY 

1. Analysis 

2 . Mathematical Model 

3. Fabrication Techniques 
Developed 

4* Fabrication 

5. System Integration 
6#Testing &. Documenta- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 





APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4. 


1 

1 




1 

1 













■ 

1 

1 

1 

II 

1 

1 

1 

1 

1 

1 


i;5, USAGE SCHEDULE: 



(l) Infrared System Enaineerino by Richard D, Hudson^ Jr.| 1969 




15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OnSEHVED AND HEPOUTED. 

2. THEORY >ohmulatedtodesck:df: phenomena. 

3. theory tested dy physical experiment 

OR MATHEMATICAL MODE!,. 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

F..C., material, covponent, etc. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORn'ORY. 

S, MODEL TESTED IN AIRCRAFT ENVIRON.MENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPARILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

9 . RELUBILITY UPGRADING OF AN OPERATR.^NAL MODEL. 
10. LIFETIME EXTENSION OF AN QFLRATlONAT. MODEL. 
















DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Radiative Refrigeration PAGE 1 OF 3__ 

Ddsiqp — ^ — 

2. TErnNOT.OGY CATEGORY: Infrared Detector Refrigeration 

3. OBJECTIVE/ ADVANCEMENT RFQTTTRED: Increesed sensitivity of infrared 

systems used in orbital applications for remote sensing of environment# 


4. OKRRF.NT STATE OF ART- Several designs for passive systems have been 

used, but evaluations and design tasks have not been attempted for lack of 
opportunity, HAS BEEN CARRIED TO LEVEL 2 . 

5. DESCRIPTION OF TECHNOLOGY 


The sensitivity of infrared detectors is dependent on the attainment and 
maintenance of very low temperatures > near liquid nitrogen. The practical 
approach to this requirement for long term missions is to utilize passive 
radiative refrigeration systems. The operation of these hinges on the 
temperature difference between outer space and the object requiring cooling. 
Several designs have been used in an attempt to accomplish the required 
results. These efforts have met with moderate success, A new system 
based on a comprehensive evaluation of current approaches concurrent with 
a design effort would provide increased infrared detection sensitivity. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A,0 B.Q C/D 
6. RATIONALE AND ANALYSIS; 

(a) Currently used infrared detectors require temperatures in the 
range of 80 degrees Kelvin. 

(b) Development of this system would benefit satellite designs of t!ie 
ERTS-c type. In some applications, the Themmatic Mapper would benefit. 

(c) Present designs provide temperatures in the 195°K range with 
theoretical predictions down to about 100 K, Improvements would result 
in greater ground target thermal resolution, probably by an order of 
magni tude. 

(d) This technology advancement should be carried to an experimental 
demonstration in an early Shuttle flight. 


TO BE CARRIED TO LEVEL X 






I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

1 . TECHNOLOGY REQUIREMENT(TITLE) : Radiative Refrigeration 
Design 

7. TECHNOLOGY OPTIONS: 


PAGE 2 OF 3^ 


The effectiveness of passive refrigeration devices relate to the ability 
of the system to radiate into outer space* This is a materials, as well 
as a geometry problem* It is proposed that a pallet of several designs 
be simultaneously evaluated in a modular/adjustment configuration 
permitting real-time interactive modifications* 


8, TECHNICAL PROBLEMS: 

1* Thermal path between infrared detector and refrigeration system, 
2* Ability of system to radiate into outer space (Radiator Design), 
3* Feinting of system into outer space* 


9 . POTENTIAL ALTERNATIVES: 

Possibly using adsorptive pumping techniques using solar energy for 
power input in a conventional refrigeration cycle* 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Current research by JSC for development of adsorption pumping techniques 
for use in cryogenic refrigeration purposes* 


expected UNPERTURBED LEVEL _3_ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Infrared detector technology, low temperature technology, remote 
sensing technology. 


OUCIBILITY OP THE 

AL FA«B IS POOR 




DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : _ 



PAGE 3 OF 3 


12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis 

2. Mechanical &. Thermal 
Design 

3. Fabrication 

4. Test 

5. Documentation 


APPLICATION 

1. Des^n (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFFRENCES: 



"Infrared System Engineering" by Richard D. Hudsoni Jr» 1969 


15. LEVEL OF STATE OF ART 

1, BASIC PHENOMENA OBSERVED AND .HEPORTEO. 

I. THEORY roitMULATCD TO DESCRIBE PHENOMENA. 

9. theory TESTED BY PHYSICAL EXPERIMENT 
OR NUTHEMATICAL MODEL. 

4. PERTINENT KUNCTION OR CHARACTERISTIC DEMONSTRATED. 
E.O., MATERIAL, COMPONENT, ETC, 


I. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
tNVIRONMENT IN THE LABORATORY. 

S. MODEL TESTED LN AIRCRAET ENVIRON.MP.NT. 

T. MODEL TESTED W SP.ACE ENVIRONMENT. 

S. MEW CAPAHUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

S. RKUAHUTY UPORAOINC OF AN OPERATIONAL MODEL. 
IS. URTIMS BXTENERXI OF AN Ol'L RATIONAL MODEL 
















DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 



tr '■ I 


J 
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11. RELATED TECHNOLOGY REQUIREMENTS: 

* As discussed herein. 

• Improved spacecraft attitude rate measurement subsystems for correction 
of data for spacecraft motion during data taking. 
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DEFINITION OF TECKNOI OGY REQUIREMENT 

NO. 

1. TECHNOLOGY REQUIREMENT Imoroved Limb View; 

Lno PAGE 3 OF 

1 IR Radiometer 


TECHNOLOGY REQUIREMENTS SO’o, ;ULE; 

CALENDAR YEAR 


i SCHEDULE ITEM 


'.eCHNOLOGYA* Existing 
Desxgn 

1^ Conponent SHT 
2# T iLiroved Design 
3# El'*) Dr-velopment 
B« New Desin. Approaches' 

!• Analysis & 'radeoffs 

2m Design 

3» EM Development 

APPLICATION 

!• Preliminary Stratos- ^ 
ieiign 

2* Flight test new design 
3m Stratospheric Survey 



3. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14, REFERENCES: 



15. LEVEL OF STATE OF ART 

1. BASIC mCNOMeNA OBSCRVKO AND REKKITKD. 
t. TtlKORY fOKMVLATED TO DESCRIBE PIIENOMCIIA. 

S. theory TESTED RY PHYSICAL EXPCRIMBMT 
OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMOmTRATBD. 
R.O.. Ma TEIHAL. component. ETC. 


I. COMVON’'NT OR RREADBOARD TESTED IN RELEVANT 
EMVIIK9KMEMT W THE LARDRATORT. 

•. MODEL TESTED IN AIRCRAFT ENVIRONMENT, 
t. MODEL TESTED IK SPACE ENVIRONMENT. 

I. MEW CAPABIUTV DERIVED FROM A MUCH UKER 
OPERATIONAL MODEL. 

t. HEUAHLITYUPiniAOINCOFAKOPEIUTItMIALMOOSL. 
M. UPETtME EXTENSION OF AN UlXIUnONAI. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Stratospheric Research PAGE :• OF 

(Gases) 

2. TFrHNOT.OGY CATEGORY: Remote Sensing from Satellites 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Increased sensitivity detectors, 

very high resolution instrument techniques, advanced airbornt'* detector 
cooling system technology, 

4. CURRENT STATE OF ART; Present IR (detectors provide a figure of merit 
(D * in the 10^^10^^ range# Instruinentation for satellite global monitoring is 

c apable of Q#1 cm""^ spectral resolution, ( cent BEEN CARRIED TC ^ 

5. DESCRIPTION OF TECHNOLOGY 

The sensitivity needed to study the gases of importance in future stratos- 
pheric researejj! will require a one to two order of magnitude improvement 
in detector D. Also, the spectral resolution capability for an operational 
monitoring instrument (in the infrared) will need to be increased by about 
one order of magnitude to C*01 cm’“‘^* Long lifetime detector cooling systems 
are required (2-3 years) with operating temperature capability in the range 
of 30K or less* The most hopeful approrch to me^ .ing these cooling needs 
is the use of a closed cycle system such as the Vuilleumier (VM) cooler. 

A goal should be an operating power of no more than 60 watts. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,D B,D C/D 

6 . liA noNALE AND ANALYSIS: 

Present systems for remote measurement of stratospheric parameters from 
satellites have been designed to measure the more obvious, less difficult 
trace gases (e.g., O3, II2I3, CH4, N2O, NO2, NO, HNO3, and CG). Hov^ever, 
as our knowledge of the stratosphere advances, there will be a need to measure 
some of the more subtle but very important stratospheric gases. Some of 
these gases which are involved in the ozone depletion problem include 
OH, HCl, HM, HBr, Cl, CIO, CPx» Cly, C'Freqns'') , HOg, Br^, CHaBr, CCI4, and 
CH3CI. Others which are important from the standpoint of radiation balance 
and aerosol-can chemistry include SO2 and NH3* All of these gases have 
concentrations in the parts per trillion range and most of them have not been 
observed in the stratosphere primarily because of limitations on instrumental 
sensitivity and spectral resolution. It may be necessary to cool not only 
the detectors but also the instrument optics in order to achieve the desired 
sensitivity. Monitoring instruments for operational use are needed to 
measure long-term trends in these constituents. 


TO BE CARRIED TO LEVEL 












DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REOUIREMENTmTLE^: Stratospheric Research PAGE 2 OF jL 

(Gases) 

7. TECHNOLOGY OPTIONS: 

None. 


8. TECHNICAL PROBLEMS: 

It may not be feasible in the near future to construct a long lifetime 
cooling system which would operate at the desired temperature and 
power levels, especially if optics must also be cooled. 


9. POTENTIAL ALTERNATIVES: 


None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEIaENT: 

Various programs are presently underway to measure stratospheric trace 
gases both in the limb emission and occultation modes. These include - 
the Nimbus G SAMS and LIMS and the Atmospheric Explorer SAGE. In 
addition, improve LACATE and SAMS programs are in progress. These 
concepts could be extended and the efforts focused on achieving the 
desired technology advances. 

(cont^d.) EXPECTED UNPERTURBED LEVEL^ 

11. RELATED TECHNOLOGY REQUIREMENTS: ' 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : 


PAGE 3 OF 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 





LEVEL OF STATE OF ART 

1. BASJC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY l-X)HMULATED TO DESCRJDE PHENOMENA. 

3. THEORY TKSITD BY PHYSICAL EXPERIMENT 

OR NUTHEMATICAL MODEI.. 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL, COMPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 
e. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

?. MODEL TESTED IN SP.ACE ENVIRONMENT. 

B. HEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

B. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN OPERATIONAL MODEL. 









DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1. TRr.minT.nnv Rr.Qimni;MP.KT ^TITI.F.)- stratospheric Research PAGE^ OF^ 


(Gases) 



4. CURRENT STATE OF ARTS (cont»d.) 

and cooling is achieved presently by use of solid cryogen technology (65K 
operation) . Refrigerator systems are under development but present approaches 
create heavy power loads. 


10. PUNNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: (cont»dJ 

Also^' various interferometer and spectrometer techniques have been used from 
b^loons and aircraft. These approaches could be optimized for a specific 
gas ox: set of gases in designing a monitoring instrument. In the cooler 
area, various military and NASA programs are underway to advance the technology. 
These efforts will serve as base points in building future technology. 









SECTION F: ASTRONOMY/PLANETARY PAYLOADS 


F-1 EXTREME ULTRAVIOLET ASTRONOMY 

Acplication 

Astronomical observations in the extreme ultravioltJt support at least 4 
of the 12 Outlook for Space themes. The specific themes supported by this 
payload are: 

08 The Nature of the Universe 

09 The Origins and Fate of Matter 

10 The Life Cycle of the Sun and Stars 

11 The Evolution of the Solar System 
Payload Description 

The Extreme Ultraviolet Astronomy payload will consist of a collection 
of advanced extreme ultraviolet instrumentation which will include: 

a. Extreme UV telescope with advanced optics of about 40 cm operative. 

b. Multiple instrument magazine for the XUV telescope with at least 
3 advanced extreme UV detectors one of which will be on imaging 
device of approximately 40,000 elements. 

c. Extreme Ultraviolet Spectrometer. 

d. Advanced Instrument Pointing system (Video Inertial Pointing System, 
for example) with at least 1 arc second stability). 

This payload would serve as a test bed to test advanced instrumentation for 
both stellar and planetary observations. 

The planetary observations will yield information on the presence, con- 
centration and temperature of such XUV emitting gases cr He, Ne, Ar, N, etc. 

The Solar observations will yield additional information about the composition, 
temperature, and motion of the solar atmosphere. 

The technology demonstrated during this flight supports a large number 
of planned astronomy missions. No clear technology readiness date exists for 
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this payload but a demonstration flight in 1985 would enable the technology 
to be utilized in 59 of the 107 'stronomy payloads that contain extreme 
ultraviolet instrumentation and are scheduled for the 1981-1991 period. 
Technology Advancement Recuired 

Several technology advancements are required in the basic extreme 
UV telescope. Specific items to be addressed include active contamination 
control, reflective coatings, and narrow band pass filters. 

There are many technology advancements that could be investigated j . 
the deployment of the multiple instrument chaiaber. In addition to the 
increased sensitivity and 10^ range required fer the flux counting detectors 
there are significant reductions in telescope observing time that can be 
realized with higher resolution extreme ultraviolet imaging systems. The 
desired resolution imaging device appears to be a two dimensional array of 

g 

20,000 by 20,000 elements. This array of 4 X 10 elements represents the 
resolution of currently used ultraviolet film and is an extremely long 
range goal. For example, the Outlook for Spac e Technology Forecast would 
not forecast this capability until about the year 2040. However, a imaging 
system array of 40,000 elements listed as one of the payload elements 
represents a factor of 2.5 increase in current technolcgy and should be 
ready for a 1985 flight demonstration. 

The third element in this payload is an Extreme Ultraviolet Spectrometer 
The major technological advancements requiring demonstration are: 

a. One Angstrom Spectral Resolution 

b. 300 to 1200 Angstrom Spectral Range 

c. Sensitivity to about a minimum of 10^ photons/sec/cm^ 

The fourth element in this payload is the demonstration of an advanced 
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astronomical pointing system of at least one are second stability for 
long periods (30 minutes)# 

Associated Mission Model 

As mentioned previously, this Extreme Ultraviolet Astronomy payload 
would support 59 of the 107 astronomy missions containing extreme ultra- 
violet instrumentation planned between 1981 and 1991. Specifically, 
five flights of the Large Solar Observatory (AST-7), 34 flights of the 
Steller Sortie Mission (AST-10), and 2C flights of the Solar Sortie Mission 

(AST-11). 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . lECHNOLOGY REQUIREMENT (TITLE) : Extreme Ultraviolet PAGE 1 OF 


bo Measure Planetary EUV Emissions from 


)ace bhuttXe 


2, TECHNOLOGY CATEGORY: 5/C Sensors 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Sensitive high snec±ral resolution _ 

f\\\I spectrometer to study EUV emissions (i»e«e He> Ne. Ar« N, etc.) in 
planetary atmospheres# 

4* CURRENT STATE OF ART: Very poor - no EUV spectrometer has flown in the 

earth atmosphere to measure planetary EUV emi5sions» 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 


High resolution spectral resolution ('V 1 8) 

Spectral range '^300-1200 8 

High sensitivity - be able to detect about 10 Rayleighs from Venus. 
Mars, Jupiter and Saturn (where 1 Rayleigh 10^ photons cm“^ sec”^). 


P/L REQUIREMENTS BASED ON: □ PRE-A,D A,Q B,D C/D 
C) , RATK )NALK AND ANALYSIS: 

Fundamental knowledge concerning the composition and structure of the 
upper atmospheres of the planets and the evolutionary history of 
planetary atmospheres can be obtained with EUV measurements. 


TO BE CARRIED TO LEVEL 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT(TITLE) : EUV Spectrometer PAGE 2 OF 2-. 

to Measure Planetary EUV Emissions from Space Shuttle 
7. TECHNOLOGY OPTIONS: 

N/A 


8. TECHNICAL PROBLEMS: 

The design of "optical" instruments in the extreme of vacuum ultraviolet. 


9. POTENTIAL ALTERNATIVES: 


Metallic-filter photometers work in the EUV spectrum. However, these 
Photometers have very wide bandwidths and are not very sensitive. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

LRC has jet feasibility contracts with Bendix Aerospace Systems Division 
and the Space Science Laboratory of the University of California at 
Berkeley to design a shuttle EUV spectrometer for planetary measurements. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 


N/A 





DEFINITION OF TECHNOLOGY REQUIREMENT 

1 . TEC HNOLOGY REQUIREMENT (TITLE) : , 


NO. 
PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1 . 


3. 

4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


L!. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 

l. BASIC PHKNOME NA ODSERVED AND REPORTED, 

THEORY ^X)KMlTLATED TO DESCRIBE PHENOMENA. 

3. theory TKSnTD BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODE I,, 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL. COMPONENT, ETC. 


$. COMPONENT on BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

?. MODEL TESTED IN SPACE ENVIRONMENT, 
t. HEW CAPAWUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. RELIABILITY UPCRADINC OF AN OPERATIONAL MODEL. 
W, LIFETIME EXTENSION OF AN OI LRATIONaL MODEL. 
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F-2 INFRARED ASTRONOMY/COLUMN DENSITY MONITOR 


Application 

The Column Density Monitor is the first of three instruments and 
facilities aimed at using the Shuttle as a base for astronomical obser- 
vations in the infrared, and especially the far-infrared (wa'yelengths 
above 30 microns). The second element will be a device referred to as 
the Advanced Technology Radiometer which is also being proposed as a 
Shuttle payload. The third element in this program will be the deploy- 
msnt and operation of large IR facilities and as the OSS Shuttle/Space- 
lab Infrared Telescope Facility (SIRTF). 

The Shuttle/Spacelab Infrared Telescope, along with the Large Space 
Telescope, support the following Outlook for Space themes listed below: 

08 The Nature of the Universe 

09 The Origins and Fate of Matter 

10 The Life Cycle of the Sun and Stars 

11 The Evolution of the Solar System 
Pavload Description 

”If infrared astronomical telescopes are to be used to their full 
advantage on the Space Shuttle, the column density of gas above the Shuttle 
payload bay must not exceed 10 infrared-active molecules cm • H 2 O is the 
molecule of greatest concern because of its abundant offgassing from the 
Orbiter and its strong rotational and vibration-rotational spectrum which 
spans the infrared spectral range. Other molecules such as CO 2 and NO also 
contribute significantly to the IR background. In addition to the molecu- 
lar line radiation there will be continuum radiation from the zodiacal light, 
stars, and contaminant dust particles* A cryogenically cooled radiometer 
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with a 10 to 35 cm aperture, an array of 1 0 to 1 8 low noise detectors 

at the focal plane, a rotating, cold chopperfilter, and a well baffled 

enclosure could detect column densities of water at 270 K as small as 
10 -2 

10 cm . By measuring the intensities of two bands of w^ter with 
different temperature dependency both the column density and temperature 
can be determined. The information obtained by such an instrument will 
be very helpful in determining the most desirable operational modes of the 
Shuttle not only for IR astronomy but for sensitive UV and visible obser- 
vations as well," (Reference NA5A-SP-379 ) , 

The third stage development. The Shuttle Infrared Telescopic Facility 
is currently scheduled for Shuttle flight #21 which is to be launched in 
1901, For the Column Density Monitor to be of maximum value it must be 
ready for one of the very first (1980) Shuttle flights. 

Technology Advancement Required 

Two areas of technology need advancement. These are, first, the 
development of a focal plane chopperfilter system is required to reject 
random thermal noise and thus obtain the required system sensitivity. 
Second, improvement in the performance modeling of instruments so that the 
contaminants and particles can be readily distinguished from the natural 
external environments. Additionally, data from some selected detectors 
could be enhanced if techniques to achieve temperature below 2°K could be 
developed and demonstrated in space. 

Associated Mission Model 

This payload is in direct support of the Shuttle Infrared Telescope 
Facility which is scneduled to be launched in 1981, 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. _ 


1. TECHNOLOGY REQUIREMENT (TITLE): Column Density PAGE 1 OF _L 


Monitor for Infrared-Active Molecules 


2. TECHNOLOGY CATEGORY: 

Sensors 

3. OBJECTIVE/ADVANCEMENT REOTIIRED; Measure the column densities, 
species# and temperatures of infrared-active contaminants in the vicinity of 

sh 'ttle. Also to detect infrared-emitting particles. 

4. CURRENT STATE OF ART: , 


cannot provide the required 

' 

combination of column density, temperature, and 

particle environment. 

HAS BEEN CARRIED TO LEVEL3/4 


5 . DESC HIPTION OF TEC HNOLOGY 


Sufficient analysis has been completed to define preliminary performance 
requirements (ref.) for determining the combination of column density, 
temperature, species and particle environment# Cryogenically cooled 
radiometers of the approx# aperture size (35 cm) exist and could be modified 
to accept a new jhopped/filtcr and focal plane# A sensitivity of 10*'^^w/Hz2 
should be achieved over the range of 6 to 30 microns# A cooled, rotating 
chopper/filter and focal plane needs to be developed which is capable of 
the same sensitivity in the following bands; 6*0-6#l, 6#2-6#3, 6#4-6#5, 
23.4-23.7, 23.7-24.0, 24.0-24.3, 28-29, 29-30, and 6-30 microns. 


P/L REQUIREMENTS BASED ON; El PRE-A,D A,P B,P C/D 

6. RATIONALE AND ANALYSIS: 

1. Shuttle contamination environment is a major concern of astronomers who 
are considering shuttle as a platform for telescopes* 

2* Performance requirements are based on the need to verify that the con- 
tamination environment will not impair IR (emission) and UV (absorption and 
scattering) telescope performance. (Less than 10^^ IR active molecules/cm^ 
and less than one 5 micron or larger particle per orbit in a 15 arcminute 
field-of-view* ) 

3* Analysis of performance requirements shows existing cooled^ IR radiometers 
can be used with modification. Chopper/filter and focal plane need 
development. Approp aate detectors are, or will be, available. 

4. Technology needs to be demonstrated on early shuttle flights, concurrent 
with measurement of the contamination environment* 


TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENTmTLEU Column Density 
Monitor for Infrared-Active Molecules 


PAGE 2 OF J. 


7 . TEC HNOLOGY OPTIONS: 

As described below (section 9), other known techniques cannot provide the 
combination of measurements required. Smaller apertures may be used, but 
would require the development of more aensitivs detectors. 


8. TECHNICAL PROBLEMS; 

Major problems are the design and demonstration of the chopper/filter and the 
focal plane, cooling the focal plane to less than lO^K and the optics to 
about 20°K, distinguishing individual contaminant and particle signals from 
each other and the external environment, and achieving the required NEP. 


y. POTENTIAL ALTERNATIVES: 

Other techniques for measuring contaminants include deposition rate, laser 
excitation, and measurement of solar spectrum. However, none of these 
techniques can provide combination of specie, column density, temperature, 
and particle environment. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIX)GY ADVANCEMENTS 

FY'75 funding received from Code RS for initial definition of a column density 
monitor. Some additional funding expected from 0M5F (through Naumann at MSFC) 
for further definition. Hardware development and demonstration funding 
is required. 


EXPECTED UNPERTURBED LEVEL:^ 


11. RELATED TECHNOLOGY REQUIREMENTS; 

Spacelab astronomy payloads, especially IR* 

Contamination 

Cryogenics 

IR detectors 
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DEFINITION OF TECHNOLOGY REQUI REMENT NO^ 

1. TECHNOLOGY REQUIREMENT mTLE); Column Density PAGE 3 OF _3_ 

Monitor for Infrared Active Molecules 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

[77 

78 

79 

80 

81 

82 

83 

00 

^5 



88 

89 

90 

91 



TECHNOLOGY 

1. Performance Require- 
ments 

2. Chopper/filter and 

2 focal plane develop- 
* ment 

4. Preliminary Design 

5. 

— 

— 

i 



1 

i 

i 

1 



j 




1 






APPUCATION 

1. Des^n (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 





— 

— i 

1 

1 

- 

- - 

- 











in. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 





X 


7 

7 

7 








T 

r” 

OTAL 

NUMBER OF LAUNCHES 





2 

3 

2 

2 

2 









1 1 


14. REFERENCES: 


F* C« Wixtenborn, st« al*, "A Radiometer for Monitorin') Column Densities of 
Infrared-Active Molecules," Proceedings of the 8th Conference cn Space 
Simulation. NASA SP-379 


15. LEVEL OP STATE OF ART 

1. BMICPHKMUeNAOOKRVKOAMDIlErOIITeD. 

I. TnBem’ rOHMtfU": r>TODC8ClUK mROMEMA. 

«. TMRORV TCtrCD BV niYSICAL KXKMM£NT 

OR UATUEMATtCAL MODEL. 

«. KMTIKEKT n>‘NCTtUN OR CHARACTtRIfne ORMOURTRATIO. 
B.O., MAtEIOAL. COUnPJNEHT. ETC. 


I. COMVOKFNTOR RREAOBOAW>TBmOIKREUVANT 
PHTUONMEMT W r.lE LARORAtORY. 

E. MODEL TLOTEDIR AIRCRAFT ENVIROM»IF.NT. 

T. MODEL nmo IK sp.vre ekvironmeht. 

I. MEW CARAMUTY DERIVEO FROM A MUCH LKISER 
OKRATtOKAL MODEL. 

E. RBUAHUTYURORAOIMeOPANCMeRATRMALMOOEL. 

U. UPBTIUE EXTEMEIOM OP AM OIXLATKIMAL MOLEL. 
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f^3 INFRARED ASTRONOMY/ADVANCED TECHNOLOGY RADIOMETER 
Agplication 

The Advanced Technology Radiometer is the second stage development in 
a three element effort comprised of: 

Column Density Monitor 

2* Advanced Technology Radiometer 

3. Shuttle Spacelab Telescope Facility 
The overall objective of these efforts is to make Far-Infrared observations 
from the Shuttle in the wavelength region from 5 to 100 microns# These ob- 
servations support the four Outlook for Space themes listed below: 

08 The Nature of the Universe 

09 The Origins and Fate of Matter 

10 The Life Cycle of the Sun and Stars 

11 The Evolution cf the Solar System 
Payload Description 

The Advanced Technology Radiometer payload will attempt to package sig- 
nificant technology improvements from three different technical disciplines# 
The payload will build on expected earlier experience with the Column 
Density Monitor and, in fact, use some of the same hardware# First, 
improvements in IR detectors are to ‘ 3 tested as well as advanced chopping 
or encoding techniques# Second, by integrating the Advanced Technology 
Radiometer with the Video Inertial Pointing System a space test of that 
system can be implemented while accomplishing a significant number of 
Science objectives# Third, improvements in both the basic thermal per- 
formance and noise control of the lovj temperature (1 to 10°K) cooling 
device used for the Column Density Monitor will be incorporated# Ideally, 
the Advanced Technology Radiometer payload would follow the Column Density 




Monitor by about ons year. It would contribute significant technology to 
the Shuttle Infrared Telescope Facility which is S5PD Mission Model Pay- 
load #AS-01-S, Payload #A5-01-5 is tentatively scheduled for 61 sortie 
flights between 1961 and 1991« The technology advancements demonstrated 
in the Advanced Technology Radiometer could be incorporated into the basic 
#AS-01-S payload about 1904 with 54 of the 61 flights remaining. Ideally, 
the Advanced Technology Radiometer Payload would have a late 1981 launch 
date. 

Technology Advancement Required 

As mentioned previously the following technology advancements are required: 

a. Far Infrared Detector Elements 

b. Focal Plane Encoding Techniques 

c. Video Inertial Pointing System 

d. Low Temperature (less than lO^K), focal plane cooling device and 
a moderate temperature (less than 30°K) cooling device for the 
optical elements. 

All the techhology advancements listed above are required for incorporation 
into the Advanced Technology Radiometer by 1980 except the low temperature 

cooling device which should be ready by 1 979 to match the flight date for 

0 

the Column Density Monitor. 

Associated Mission Model 

The Advanced Technology Radiometer Payload would directly support 
Payload #AS-Dl-5 of the 1973 Mission Model which is the basic astronomy sortie 


pfc.jkage. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Advr^nreri Tp^hnoloow PAGE 1 OF . 

IR Radiometer 

2 . TECHNOLOGY CATEGORY: Sensors, Pointing and Stabilization, Cryogenics 

3 . OBJECTIVE/ ADVANCEMENT REQUIRED- Shuttle-borne test bed for flight 
testing advanced IR technology as an astronomical telescooe/sensor systems. 


4. CURRENT STATE OF ART: IR radiometer of the approximate size and 

sensitivity have been developed for the AF, but lack of flexibility required 

for a test bed. HAS BEEN CARRIED TO LEV EL _ ; 

5. DESCRIPTION OF TECHNOLOGY A radiometer is needed to provide a 
satisfactory test bed for advanced detectors, focal plane configurations, 
chopping methods, pointing and stabilization techniques, cryogenic 
cooling methods, and operational procedures. Such a radiometer should 
meet the following specifications with advanced detectors: 

1. ) NEF in any 10 micron band for a 1 arc min, FCV 

10”^J w/HzJ for 5-30 microns 
10"^^ w/HzT for 30-100 microns 

10-10 w/Hz'J' for 5-30 microns with diffraction limited FOV 

2. ) Diffraction limit at 5 microns, aperture diameter about 30 cm, 

space chopping, off-axis rejection to allow pointing to within 45° 
of sun and 30° of moon. 

3. ) Cryogenic cooling to achieve NEP’s (1-10°K at focal plane and (30°K 

at optics) 

4. ) 3-axis gimbals 

P/L REQUIREMENTS BASED ON ; Q PRE-A.O A.Q B,D C/D 

6. RATIONALE AND ANALYSIS: j 

a. ) Requirements based on detailed analysis of technology needs for future j 

large IR telescopes. A current study at Ames is further defining j 

requirements and determining whether the proposed column density j 

monitor could ba upgraded to meet these requirements. | 

b. ) Benefiting IR payloads include the large, cooled Shuttle Infrared i 

Telescope Facility, large ambient IR telescope, and IR free-flyers, I 

Other payloads will benefit from cryogenic and pointing technology, | 

c. ) Time required to acquire scientific data is proportional to the square i- 

cf the achieved NEP, therefore improved detectors and cooling greatly j 

increase amount of data from a given flight. Advanced pointing i 

techniques and optional procedures will increase time on-target and 
astronomer interaction. 

d. ) Technology must be demonstrated on shuttle in an observing mode. ! 


TO BE CARRIED TO LEVEL 
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7 * 


DEFINITION OF TECHNOLOGY REQUIREMENT 

NO, 

1 TFCHNOT.OOY REOIIIREMENTmTLE> : Advanced Tei^hnoloov 
Radiometer 

PAGE 2 OF 


. TECHNOLOGY OPTIONS: 


!•) 

2 .) 

3.) 


Various advanced detectors could be tested prior to final selection 
Various encoding techniques could be modeled (Hadamard, for example) 


The planned SIPS (Small Instrument Feinting System could be used 
instead of the Video Inertial Pointing System) 


8. TECHNICAL PROBLEMS: 

1.) Noise control on cryogenic cooler 

2#) Extreme temperatures 

3«) Centamination of optical surfaces 


9. POTENTIAL ALTERNATIVES: 


1*) Higher technological risk for following cryogenic telescopes 
(Shuttle Infrared Telescope Facility) 

2«) Lower performance of cryogenically cooled telescopes through 
the use of state of the art detectors# 

3*) Longer observing times by using state of the art technology# 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXDGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 


1,) 1-10°K cooling device 

2#) Column Density Monitor 

3.) Longer observing times by using state of the art technology 


{ <. 
it 
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DEFINITION OF TECHNOL OGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT mTT.E): Advanced Technology PAGE 3 OF J — 
Radiometer 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM I 75 I 76 i77i78|79|8o[8ll82l83i84|85|86!87|88l89i9o|9ll I 


SCHEDU1.E ITEM 

TECHNOLOGY 

1. IR Detector Develop- 
ment 

2. 1-1D°K Cooler Dev. 
Video Inertial 

3* Feinting System 

4. Encoding Techniques 

5. 


ICDiitinuous 


APPLICATION 
! 1 . Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 




1 












TOTAL 
— 1 — - — 

NUMBER OF LAUNCHES 


1 







6 

8 

6 

6 

8 

IJ 

6 

8 1 54 


14. REFERENCES: 


LEVEL OF STATE OF ART 


t. BASIC PHENOMENA OBSERVED A.ND REPORTED. 

S. TtlEORV rouMl'LATED TO OESCRiBE PHENOMENA, 

9. TMEORV TESTED BY PItVSICAL EXPERIMENT 
OR MATHEMATICAL MODEI.. 

4. PERTINENT rUNCTION OR CIIARACTE'USTIC DEMONSTRATED, 
E,C., MATERUL, COMPONENT. E ' 


8, COMPONENT OR BREADBOARD TESTED IN REI.EVANT 
BNVINONMENT IN THE LABORATORY. 

S. MODEL TESTED IN AIRCRAIT ENVIRONMENT, 
r, MODEL TESTED IN 8P.ACe ENVIRONMENT. 

I, NEW CAPAIELITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t, REUAMLITY UPGRADING OF AN OPERATIONAL MODEL. 
19. UFETIME EXTENSION OF AN OPEBATIOHAl. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Detectors and PAGE 1 OF ^ 

Detector Arrays for the Far Infrared (Wavelength Longer than Thirty Microns) 

2 . TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT REOIITRED; Increased sensitivity and increased 
data accumulation needed to fully realize the capabilities of a shuttle-borne 

infrared telescope. 

4. CURRENT STATE OF ART: Present long wavelength detectors exist with noise 

e quivalent power (Nep) of watts Hz-j-. Shortward of 30 microns, suitable 

e xist^°^^ (developed for military applications) HAS BEEN CARRTFP TO LEVElT^ 

5. DESCRIPTION OF 'TECHNOLOGY 

The detectors required to utilize the inherent sensitivity of a Shuttle- 
borne telescope must have an Nep of 10“^^ watts Hz-i* or better at wave- 
lenths longward of 30 microns. In order to reach this sensitivity materials 
and fabrication techniques for photoconductors and bolometers must be 
developed. Lew noise cooled preamps must be developed. Refrigeration to 
0.1°K in zero gravity must be developed for proper operation of the bolometers. 
The techniques to fabricate detector arrays with integrated electronics are 
needed. 


P/L REQUIREMENTS BASED ON; □ PR E-A.Q A.Q B.Q C/D 

« . R A TK )N A L E A ND ANALYSIS; 

a. ) The 10“^^ watts Nep level is based on the requirements of infrared 

astronomy and the background limitations expected at a shuttle 
telescope facility. 

b. ) This technology will benefit all investigations involved in infrared 

detection at long wavelengths. This includes survey satellites, 
shuttle-borne infrared telescopes and the LST when used for IR 
astronomy. 

c. ) Other things equal, then the time required to accumulate meaningful 

scientific data is directly proportional to the square of the detector 
Nep. Therefore, improved detectors greatly increase the amount of 
data obtained per flight. 

d. ) This technology advancement should be carried to level 7* 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE): Detectors and Detector pAGE 2 OF J. 
for the Far Infrared (Wavelength .LCnc;3r than Thirty Microns). _ _ 

7 . TEC HNOLOGY OPTIONS: 

Alternatives to improved detectors are larger telescopes and longer 
observing times* Both are limited by technical and economic considerations. 


8. TECHNICAL PROBLEMS: 

!•) Development of suitable materials and "doping” techniques for long 
wavelength photoconductors and low temperature bolometers. 

2. ) Development of lov^ noise, lovi temperature preamps. 

3. ) Development of low temperature (0.1°K) refrigerators for zero gravity. 

4. ) Development of integrated electronics for reading out arrays. 


<J. POTENTIAL ALTERNATIVES: 

Same as (7). 


( 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXDGY ADVANCEMENT: 

There exist ongoing development of detectors for short wavelengths for 
military applications. Some development requiring further funding 
exists at universities. 


EXPECTED UNPERTURBED LEVELVS 


11. RELATED TECHNOLOGY REQUIREMENTS: 

He^He^ dilution refrigerators for 0,1°K operation in zero gravity. 

Lew noise, low temperature preamps. 

Electronic components and circuits for storing data from arrays between readouts. 
Narrow pass, high efficiency filters. 

Spectrometers. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TFrHNni.OOY REQUIREMENT (TITLE). Detectors and Detector PAGE 3 OF J — 


hirtv Microns 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1, Analyses 

2, Fabrication 

3, Ground Testing 
4* Flight Testing 


APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

Astrononiy and Astrophysics for the 1970 Vol 2 National Academy of 
Sciences, 1973« 

A long range program in Space Astronomy. NASA SP-213, July 1969. 

Study to Compile Available Information for a Space Shuttle Mounted Infrared 
Telescope. Contract #NASA 2-7313, Martin Marietta, 1973. 

Large Space Telescope - a New Tool for Science. AIAA Aerospace Sciences 
Meeting, Feb. 1974. 




15. LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSERVED AND RErORTED, 

2. THEORY CUMULATED TO DESCRIBE PHENOMENA. 

3. rrfFORY TKSl’En BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEI.. 

4 * PERTINENT KUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATEUUL, COMPONENT, ETC, 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAIORY. 

8. MODEL TESTFO IN AIRCRAfT ENVIRONMENT. 

T, MODEL TESTED IN SPACE ENVIRONMENT. 

8 . NEW CAPAHILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

8 . REUABILtTY UPGRADING OF AN OPERATIONAL MODEL* 
10. LIFETIME EXTENSION OF AN OI LRATIONAL MODEL. 
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SECTION G: CONCLUSIONS 


The workshop results should be considered as the beginning of a process 
to relate advanced technology to potential Shuttle payloads • The earlier 
this association is made, the more effective will be the investment in 
advanced technologies* 

Much work remains to be done with the product of the workshop* Studies 
should be initiated to explore trade-offs available by alternate approaches. 
The level of definition needs to be deeper. Multidisciplinary payload 
integration should be actively pursued* 

The major thrusts appear to be well chosen, highly relevant to the 
issues to be faced* This relevance is noted in the following examples of 
payload/major thrusts relationships: 

Payload B-1 - Stratospheric Trace Gas Effects are directed towards an 
advanced limb-scanning radiometer for measuring the difficult trace species 
such as chlorine products which threaten stratospheric ozone. The measure- 
ment requires detector sensitivity one to two orders of magnitude beyond 
that currently available* The major thrust statement concerning increased 
mission output through improved sensing performances is relevant to this 
payload and associated advanced technology need* 

Payload C-1 - Coastal Zone &. Land Resource Management discusses advanced 
concepts of image processing needed to handle the high data rate associated 
with advanced mulxispectral scanners* One concept would use fast on-board 
microprocessors, closely integrated with the sensor output* Another concept 
would perform direct image processing using Fourier transform imagery which 
could perform pattern recognition, data compression and spatial frequency 
analysis* The major thrust statement concerning the reduction of information 
system coat by extensive integration of sensor and processing technology is 

MraODUClBMi']( u< iii. 

fiMiNAL PIGS IB POOR 
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relevant to this payload and associated advanced technology need# 

Payloads D*>1 through D-3 - Loncerning Advanced Microwave Radiometer 

and Radar Systems, are meant to apply microwave systems to global survey 
of ocean surface characteristics, crop survey, soil moisture and rainfall* 
These payloads are highly relevant to the major thrust statement concerning 
global surveys through multipurpose, all-weather, active/passive microwave 
systems* The payloads are also relevant to the other two major thrust 
statements discussed above* 
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COMPILATION OF 

ADVANCED fECHNOLOGY REQUIREMENTS 


Report I I of the 

Sensing and Data AsquisItlon Working Group 


OAST Space Technology Workshop 
August 15, 1975 


A. INTRODUCTION 


This part (Report II) of the total report will cover those advanced 
technology requirements that did not have a sensible development approach as 
part of a payload in Report I. Even so, some of the requirements mentioned 
below may receive significant development support from a payload in Report I 
and this will be noted. 

The technology reauixsments below come from ’’grassroots" material sub- 
mitted from the Centers through the Working Group members, the users as rep- 
resented in the OA and OSS parts of Reference 1, and conversations with mem- 
bers of the User Working Group and others during the course of the Workshop. 

A title or a title with some paraphrase of user terminology is used to note 
the technology needed. ’’Definition of Technology Requirement" forms, where 
submitted, are noted by a reference to the Appendix containing them. 

The requirements are recognized to be incomplete and, as they are stated 
below, vary considerably in scope and specificity of technology required. 

This is to be expected considering the broad scope of technology inherent in 
the sensor area, the diverse viewpoints and backgrounds of the users, and the 
lack of knowledgeable Workshop personnel in some areas* 

The organization of the material follows the remote, particles and fields, 
and in-situ properties instrument outline proposed at the beginning of the 
workshop and groups similar technology within those areas. Components that 
might be used with several instruments are identified with the instrument 
system where their primary need appeaT-j, 

B. REMOTE SENSING SYSTEMS 

By definition, this group of instruments will bn those measuring prop- 
erties of electromagnetic radiation with the general user interest in under- 
standing the properties of the source or medium along the radiation path. 
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!• Microwave and Radar 


The basic needs for this technology are for Earth and planetary 
observations and this is well represented in the payloads in Report le The 
submillimcter development for astronomy is a part of such a development pay- 
load. 

Needs that may not be covured are: 

a. Lunar Orbiter Radar Altimeter 

The performance needed is not available for this report and may 
very well overlap Earth and planetary Orbiter observation requirements* 

2* Lasers 

The basic needs for earth applications are represented in the pay- 
loads of Report I* 

Not included ere: 

a* An Improved Ground-Based Lunar Laser 

(See page 25 of the 055 part of Reference 1 for current per- 
formance) • 

3. Imaging Systems 

Multispectral imaging developments for earth, planetary, and lunar 
orbital observations are included in payload deve ^^pments in Report I* Some 
of the array detectors for Astronomy will bs helped as well* 

Other needs are as follows: 

a* Advanced Large Space Telescope 

Photometry of 29th magnitude object and imagery of 25th mag- 
nitude is required. Large Space Telescope (LST) will perform at 27th and 
23rd magnitude respectively with 2*4 m telescope. An approach is a 5-6 m 
diffraction limited telescope* 

b. Large Array X-Ray/UV Detector 

Arrays with 20,000 X 20,000 elements of about 10 m size are 
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needed as focal plane detectors in the spectral range from 9 to 2000 A, 

Each element should have single photon sensitivity -ith count? ng dynamic 
range of lo"^. 

c# Panoramic Imaging System fcr Ve.,ue 

High pressure (100 Atm; and temperature .300°K) environment 
with limited lifetime* 

4* Radiometers and IR Instruments 

This technology well represented in the payloads of Report I* 
Additional needs are: 
a* Solar Flux Detector 

The device should be stable for a year and accurate to 0.1% 
and cover the spectrum for direct solar observations# 

b# High resolution IR Spectrocopy for Astronomy 
Cm Pressure Modulated Gas Cell Detector 

Operation at pressures up to several atmospheres for use with 
correlation radiometer to measure tropospheric pollution* 
d* Josephson Junction Detectors 
e# Sensitive Pyroelectric Detectors for far IR 
5# X and Gamma Ray Instruments 

This technology is not directly represented in the payloads in 
Report I# However, Physics and Astronomy development payloads for Shuttle 
are described in Reference 2 and 3 and are briefly discussed at the conclu- 
sicn of this report* 

a. High Resolution (1.0”) X-Ray Imaging Device ' 

b. Large (2.2 M) Grazing Incidence X-Ray Optics 

c* High Areal Resolution Gamma and X-Ray Spectrocopy 

This is needed for lunar composition mapping to about 10 km and 
ia a technique applicable to other airless bo M.ee. 
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C. FIELDS AND PARTICLES 


With minor exceptions, this area does not have direct representation in 
the payloads of Report I and only a few items were presented to the Workshop. 
1, Electric Fields 

a. Spacecraft Charge and Potential 

The requirement is to keep the spacecraft neutral and at equipo— 

tential, 

b* Potential Measurement 

New concepts are needed to make synoptic measurements of poten- 
tial from one to 1 0 millivolts per meter, 

2m Magnetic Fields 
{No Entries) 

3, Charged Particles 

a. Plasma Measurement Beyond 8 A. U. 

(See Appendix, Item 8) 

b. Silicon Surface Barrier Detector 
(See Appendix, Item 10) 

D. IN-SITU PROPERTIES 

This group includes the direct geophysical, geochemical, and atmospheric 
measurements and are not represented in nor appropriate to the development 
payloads in Report I* 

1. Geochemical 

The first three classes of instrumentation below have been under 
development at one time or another since the beginning of the lunar program 
and are of interest for future lunar missions, on other airless bodies and 
on the terrestrial planets. 

a« Age Determination 


tttriwpuciBUJn 
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This is an extremely difficult problem and may not be possible 


in the foreseeable future# The alternative is sample return# 


b# Petrographic Analysis 


This is difficult but may be feasible# The alternative is 


sample return, 


c# Elemental Analysis 


Some approaches have been demonstrated and others need development. 


d# Comet Gas and Dust Collection and Analysis 


This is an essential development for a comet mission. 


2# Geophysical 


a# Geophysical Instrumentation 


b# Seismic Wave Generators 


Needed for safe remote planetary operation# 


3* Atmospheric 


a. Jupiter Probe Atmospheric Instruments 


Pressure, temperature, and composition measurements at 1000 bars# 


1500°K, and hours long duration# 


b# Aerosol Measurements of Small Diameter Particles 


(See Appendix, Item 2) 


c# X-Ray Fluorescence Analysis of Aerosols 


(See Appendix, Item 3) 


d# Stratospheric Trace Radical Detector 


(See Appendix, Item 9) 


E. SUPPORTING RESEARCH AND TECHNOLOGY 


The items collected here appeared to need research or the special atten- 


tion of other Working Groups# 


1# Accurate Mass position detectors (10""^^) 


2# Accurate orbital dock (10"^^) 
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3. Time lapsa measurement (10“ ^sec*) 

4. Large (>10 cm'^) thin (micron) films 

5, Long-life (2-3 year) cryogenic systems 

6, Superconducting Instrumentation and Sensor Research 
(See Appendix, Item 7) 

?• Sub-Ocean Current and Topography Sounding from Space 
New approaches and techniques are needed* 

8* Direct Gravity Field Measurements 

New approaches and techniques are needed for measuring Earth *s field 

in space* 

9* Penetrometer Delivery System and Alternatives 

Needed for lunar, outer planets satellite and terrestrial planet 
investigations* 

10* Advanced Sampling Systems 

To be used with petrographic and geochemical analysis in general, 
support of in-situ measurement missions* 

11* Near-Ground Pollution Detection Techniques 

Laser and lidar are current approaches to the problem. New techniques 
may be needed* 

12* High accuracy Accelerometers 

These are needed to assess drag forces on gravity study satellites* 

13* Accurate Location of Continents (Centimeters) 

Refinement of the current long baseline interferometer approach 
should accomplish this objective* 

14* Radiative Refrigerator for IR Detectors 
(See Appendix, Item 5) 

15* Molecular Beam Mass Spectrometer 
(See Appendix, Item 1) 
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16. Development of Optical and Acoustical Homodyning Techniques P 

(See Appendix, Item 6) 

17* Visual Range Technique for Airfields 
(See Appendix, Item 4) 

10, Lew Cost (1500) Device foi Position Determination i 

This device is to be used in conjunction with a satellite as a system 
to detect changes in position between different points on earth. 

F. CONCLUSIONS 

All the significant earth application technology needs appear to be 
covered in Shuttle development payloads in Report !• 

Most of the basic technology development needs for planetary remote 
sensing are included in the payload developments in Report I. Many of these 
sensors are driven primarily by earth application needs. The low weight and 
power, long lifetime, functional performance, and other peculiar needs of the 
planetary program can often be helped at little extra cost with knowledgeable 
attention early in the development cycle. 

Much of the Physics and Astronomy technology is not directly reflected in 

I 

the development payloads in Report I# There are extensive flight instrument. | 

developments planned for Shuttle sortie missions and it is expected that these | 

payloads will serve many of the same functions for Physics and Astronomy as the 

payloads in Report I serve for the Applications area. As a result, the items 

shown in this part of the report are largely basic research and developmental 5 

items. 

Because of the nature of the in-situ measurements, their technology is not 
represented in the development payloads of Report I. Without new ideas and 
further development of some old approaches, geochemistry of remote bodies will 
only be possible through sample return. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Molecular Beam-Mass PAGE 1 OF ^ 

Spectrometer 

2 . TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; lo design, develop, and fabricate a 
mass spectrometer applying molecular beam techniques to minimize inaccuracie s 
caused bv gas-surfa ce interaction effects for density measurements in (cont) 

■4. CURRENT STATE OF ART: TJieorp.tical and experimental stud ies (refs, land 3 ) 

^ have demonstrated the feasibility of the molecular beam-mass spectrometer 
— r.nnr.p.pt* Mnst n** thg mRrhanicRl (cont) HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

Technical Approach - In making mass spectrometric density mej irements, it is 

obviously desirable to obtain an unaltered sample of the gas and to maintain 
the integrity of this sample during the measurement* In those cases where the 
instrument is embedded in a high velocity gas, such as in a molecular beam or 
on a rocket probe or satellite, an unaltered sample can be obtained and mea- 
sured by continuously passing the gas through a highly transparent ionization 
volume where a fraction is ionized, focused into a mass analyzer, and counted. 
Geometrical criteria obtained from the kinetic theory of a drifting Maxwellian 
gas have been applied to the instrument design to insure that the unused frac- 
tion of the beam is returned to the stream with a negligible probability of 
molecules backscattering into the ion source# This technique thus determines 
constituent density from an undisturbed (unaltered) gas sample since molecules 
which have collided with any instrument surface do not appear in the ioniza- 
tion volume. 

The requirements of minimizing scattering in the ion source are satisfied by a 
small-angle (cont)P/L REQUIREMENTS BASED ON : Q PRE-A.Q A.Q B,C] C/D 

f5 . RATI( )N’ALE AND ANALYSIS: 

Justification - Mass spectrometric measurements in high velocity streams, 
molecular beams, gas-surface interaction experiments, and gas-gas interaction 
experiments frequently encounter substantial ambiguities in data interpreta- 
tion, The measured data frequently yield gross inaccuracies in molecular den- 
sity and molecular composition, and even yield spurious molecular species. 

The common source of these errors is interaction between the instrument and 
the gas being measured. Chemically active species interact with the instru- 
ment surfaces where some of the species in the measured gas are lost and from 
which spurious species are injected into the measured gas. The methods which 
have been used in the. past in an actempt to solve these problems have either 
yielded very limited improvements or have been limited to a very narrow range 
of applications. 

Accurate measurements of the atmospheric constituents in the thermosphere of 
the planets are extremely difficult, due to the presence of significant quan- 
tities of reactive gases such as atomic oxygen. It has been shown that most 
published terrestrial mass spectrometric densities for this gas are in error 
by as much as 400 percent. These errors result from composition and density 
changes associated with gas-surface interactions and are inherent in conven- 
tionally designed mass spectrometers# With existing instruments, these errors 
can only be minimized by using cryogenic cooling techniques which are not 
applicable to long lifetime experiments, (cont) »pQ gg CARRIED TO LEVEL ^ 


MmOi PAOS 18 jPOOR 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Molecular Beam-Mass 


page 2 of i. 


7. technology OPTIONS: 

Mass spectrometric measurements give both the type and quantity of the gas 
present. No other instrument technique has this capability for low density 
gas measurements. 


8. TECHNICAL PROBLEMS: 

There are no problems with the principles involved in this instrumentation 
system. Detailed solutions have been worked out for the practical problems 
encountered in the development of this sensor. 


9. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT* 

750-01-51-01 Molecular Beam Laboratory 

179-30-23-01 Molecular Shield Vacuum Facility 

165-47-92-01 Thermospheric Measurements 

If NASA continues the resources for this sensor at its present level, compo- 
nents and breadboards could be tested in the laboratory by the time Shut^e 

expected tJNPERTURBED LEVEL j 

11. RELATED TECHNOLOGY REQUIREMENTS: 


All the technology requirements have been included in the development program 
fox this instrument. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1. TFrHNm.nr.Y requirement mTLE^: Molecular Beam-Mass PAGE 3 OF 

SoBctromets^r 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 


1 _ Mechanic'll 

Design: 

Electronic 

2. Fabrication 

3. Calibration/FAT 


2. Devl/Fab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




L. Melfi, L. T. , Jr.: The Design, 1- elopment, and Analysis of a Mass Spectro- 

meter System for Number Density Measurements in the Terrestrial Thermosphere. 

A Dissertation submitted to the Dept, of Meteorology, Florida State Univ., in 
partial fulfillment of the requirements for the degree of Doctor of Philosophy, 
August, 1971. 

2. Clay, F. P., JR,; Brock, F, J.; and Melfi, L. T., JR.: The Emission Efficien- 

cy of a Hot Filament in the Presence of O 2 at Various Pressures and Techniques 
for Maintaining Constant Emission. Presented at Virginia Academy of Sciences 
Meeting, May 1-4, 1973. Abstract published in Virginia Jour, of Science . Vol. 
24, No. 3, Fall 1973. 

3. Melfi, L. T., JR.; and Brock, F. J.: Molecular Beam Techniques Applied to Mass 

Spectrometer Thermospheric Density Measurements, Rev. Sci, Instrum. . Vol, 44, 
No. 10, October, 1973. 

1. Melfi, L;.T,, JR,; Brock F, J,; and Brovjn, C. A., JR,: A New Approach to 

Thermospheric Mass Spectrometric Density Measurements. NASA TN D-7711, 1974. 

15. LEVEL OF STATE OF ART 8. COMWNFNT OR BREADBOARD TESTED IN RElWSp^T * 


1. BASIC PHENOMENA OBSERVED AND HEPORTED. 
a. THEORY roHMUUTED TO DESCRIBE PHENOMENA. 

3. THEORY tested DY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 

E.C.. MATERIAL. COMPONENT. ETC. 


ENVIRONMENT IN THE LARORAIXJRY. 

«, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8 . NEW CAPAIRLITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

t, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN OrLRATlONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

^ TECHNOLOGY REQUIREMENT (TITLE): Molecular Beam-Mas^ 
Spectrometer _ . . . _ . 

_ PAGE 4 0F^ 




3. DBJECTIVE/ADVANCEMENT REQUIRED (concluded): Molecular beam laboratories and in 

planetary atmospheres. 


4. CURRENT STATE OF ART (concluded): COMPONENTS of the mass spectrometer have 

been designed and are being fabricated (ref. 7). A laboratory model of the ion 
source has been evaluated (refs. 6 and 7). Several electronic circuits have 
been breadboarded and evaluated including a very low power emission control cir- 
cuit (refs. 2 and 5). A flight evaluation experiment on a Scout or Delta (pig- 
gyback) in the terrestrial thermosphere has been shown to be feasible (ref. 4). 

5. DESCRIPTION OF TECHNOLOGY 

Technical Approach (concluded): truncated cone constructed of high transparency 

mesh («0.95)f the enclosed volume of which is the ionization volume. (See fig. 
1, ref. 3). At low density, multiple scattering may be neglect . Thus, gas 
scattered from the external surface never enters the ionizatic' /.*5lume for any 
gas-surface scattering law, provided that the external surface the support 
structure is a smooth continuation of the ion source grid structure. The ions 
extracted from the ionization volume are focused by an electrostatic lens onto 
the quadrupole entrance aperture. In the process of ion-beam formation and ex- 
traction, the ions are accelerated to a velocity which is large compared with 
the thermal velocity of the neutral gas. This minimizes the dependence of the 
distribution of ion-beam current density on gas temperature and small variations 
in angle of attack. The lens is located inside the support cone s'd its angu- 
lar aperture is sufficiently large to allow only a small fraction of the neutral 
beam to collide with its surface. The quadrupole entrance aperture is located 
sufficiently far downstream to provide adequate exhaust area. The cathode is a 
wire ring with a small cross section surrounding the ion-source grid and is lo- 
cated s^ ghtly aft of the grid base to minimize the probability that gas scat- 
tered from the cathode may enter the ionization volume. 

Future Plans - The mass spectrometer development activity may be conveniently 
divided into two categor'.es: 1. Mechanical and 2. Electronic. 

Mechanical : The components of the mass spectrometer consists of an ion source, 

quadrupole mass analyzer, and electron multiplier. The design of these compo- 
nents has been completed and laboratory prototypes of most have been fabricated. 
Experimental results from laboratory evaluation have been incorporated into the 
design. Fabrication techniques have been developed during construction of the 
laboratory prototype components. 

A flight prototype ion source and lens will be fabricated using proven materials 
and fabrication methods. The performance of the ion source will be experiment- 
ally evaluated to establish the energy distribution and angular distribution of 
the extracted, focused ion-beam and to determine the source sensitivity for op- 
timum electrical parameters. 

A flight prototype hyperbolic quadrupole will be assembled. Tne rod surfaces 
and ceramic holder have been machined to a tolerance of O.OGlII inches and sim- 
ilar precision is required in assembly and alignment. An optical method has 
been developed to verify that the required precision has been achieved in the 
final assembly. After assembly, the quadrupole will be evaluated using che ex- 
tracted ion-beam from the source-lens system. Recolution and sensitivity will 
be measured as a function of atomic mass units to determine the operational 
characteristics of the combined system. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TECHNOLOGY REQUIREMENT (TITLE): Molecular Beam-Mass PAGE 6 OF 




described in this document will play an essential role in the implementation of 
these payloads* The instrument, as designed, will make minimum demands on the 
payload for services, is reliable, and has an indefinite lifetime* The mass 
spectrometer should be flight evaluated before the Shuttle is operational. 

14* REFERENCES (concluded): 

5. Clay, F* P., Jr*; Brock, F* J*; and Melfi, L. T*, Jr*: A Switching 

Regulator Emission Control Circuit for Ion Sources* Rev* Sci* Instrum* * 
Vol* 46, No. 5, May 1975, pp* 528-532* 

6* Clay, F* P*, Jr*; Melfi, L* T*, Jr*; and Brock, F* J*: Evaluation of a 

Thoria Coated Iridium Cathode for an Ion Source. Presented at Virginia 
Academy of Sciences 1975 Annual Meeting, Harrisonburg, Va*, May 6-9, 1975* 
Abstract published in Virginia Jour* of Sciences * 

7* Melfi, L* T*, Jr«; Outlaw, R* A*; Hueser, J* E*; and Brock, F* J*: Gold 
Plating-Brazing of Ion Source Components. Presented at Virginia Academy of 
Sciences 1975 Annual Meeting, Harrisonburg, Va*, May 6-9, 1975* Abstract 
published in Virginia Jour* of Sciences * 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


: PAGE 1 OF 


2 . TECHNOLOGY CATEGORY; Sensing and Data Acquisition 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; measure aerosols of diameter 

0«G4y m to 0«25 V m. 


. CURRENT STATE OF ART: Present measurement cap p*^ ilitv is for very small 



articles < 0.04 um and fo 


HAS BEEN CARRIED TO LEVEL 


5. DESCHIPTION OF TECHNOLOGY 

Light scattering techniques can measure in-situ particles greater than 
0.25 ym by scattering light from individual particles as they are drawn 
through a scattering chamber. A photodecectur measures the intensity and 
relates it to a nominal size. 

Aiken nuclei counters measure particles <0.04 ym utilizing the Wilson cloud 
chamber technique of the rapid growth of particles in a super saturation. 

The transmission through the cloud is related t^j concentration. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,Q B,D C/D 


6. UATIONALK AND ANALYSIS: 

A technique to measure this size range would provide valuable data on particle 
that are optically active affecting radiation transfer and are in a critical 
size range for studying growth mechanisms* 


TO BE CARRIED TO LEVEL 









DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT(TITLE): Aensol Measuremants. . , PAGE 2 OF JL 

7. TECHNOLOGY OPTIONS: 

The "Whitby" diffusion technique has some promise for measuring this size 
range* 


8. TECHNICAL PROBLEMS; 


Light scattering at these sizes is very weak* 


9. POTENTL-.L ALTERNATIVES; 


None 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


None 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 


None 









DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1. TECHNOLOGY REQUIREMENT /TITLE): Aerosol M easurements... PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1. Design 

Breadboard 

3. Testing 

4. Fabrication 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 





3. Operations 


i;j. USAGE SCHGDULE^ 


TECHNOj IGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

"Abt-osoIs and Atmospheric Chemistry"; edited by G, M. Hidy, Academic Press 
(1972). 


|«a?ROPUClBlLlTY 

PA.^B IS POOR 


15. LEVEL OF STATE OF ART 

1. lUSir PHENOMENA ORSERVED AND REPORTED. 

2. THEORY lOKMl'LATED TO DESCRIBE PHENOMENA. 

3. THF.f>RV TESTED BY PHYSICAL EXPERIMENT 

OK MA1HEMATICAL MODEI.. 

4 . pertinent r unction OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATEHUL, COypONKNT, ETC. 


5. COMPONENT on BREADBOARD TESTED IN RELEV/.NT 

ENVIRONMENT IN THE LAR0R41ORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

a. NEW CAPAIMLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. RELIABILITY UPGRADING OF AN OPERATh.'NAL MODEL, 
10. LIFETIME EXTENSION OF AN OI LRATIONaL MODEL. 


k 

1 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TECHNOLOGY REQUIREMENT (TITLE): 

PAGE 1 OF J_ 

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition 

;L OBJECTIVE /ADVANCEMENT REQUIRED: Laboratory or field 

capability for 

the elemental analysis of single aerosols. 



CURRENT STATE OF ART: Currently elemental analysis such as X-Ra; 


fluorescence techniques are limited to atomic numbers greater than sodium. 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

This technique allows the elements of a collected sample to be identified 
from the energy spectrum of X-Rays emitted when the sample is exposed to a 
beam of X-Rays. The energies of the X-Ray fluorescence are characteristics 
of the particular elements involved. 

Elements with atomic numbers less than 12 are not detected by this method 
because of the energies of the emitted X-Rays are too low to penetrate 
the windows of commonly available detectors. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,Q B.Q C/D 


6 , HA TK )N A L K A ND ANALYSIS: 

This technique could be used to evaluate rocket effluent or pollution 

samples for their elemental composition and ail in benchmaking and determination 

of the effects of Shuttle effluents on the environment. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY RFQUIREMENT(TITLE); Elemental Analysis PAGE 2 OF 3_. 

7. TECHNOLOGY OPTIONS: 

Use of proton scattering for this analysis where it possibly has the 
capability for lower atomic numbers. 


8. TECHNICAL PROBLEMS: 
Measuring low energy X-Rays. 


y. POTENTIAL ALTERNATIVES: 
None 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

RTOP ^1^506-21 -68 is supporting the measurement and impact of Shuttle 
effluents. 

EXPECTED UNPERTURBED L EVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITT.EL Elemental Analysis 


NO. 


PAGE 3 OF 




12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. 

Design 

2. 

Breadboard 

3. 

lest 

4. 

Fabrication 

5. 


APPLICATION 

1. 

Design (Ph. C) 

9 

^ • 

Devl/Fab (Ph. D) 

3. 

Operations 

4. 




V). USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



"Effluent Sampling of Scout ”D” and Delta Ve. 
Hulten, et* al., NASA TMX-2987, July 1974. 


Exhausts" ; by W. C. 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMKNA OBSERVED AND HErORTED, 

2. THEORY JX>ltMl»LATEn TO DESCRIBE PHENOMENA. 

3. theory TKS'IT.D by physical L.XPERIMENT 

OK MATHEMATICAL MODE!., 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 

E.C.. MATEUUL. COMPONENT. ETC, 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAIORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8 . NEW CAPAmUTY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

». RELIABILITY UPGRADING OF AN OPERATHXNAL MODEL. 
10. LIFETIME EXTENSION OF AN OPERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

aasasas; ..—v !'■ ~ *' ' .. r ' ' r* n s^=^^= — ■ - 

1 . TECHNOLOGY REQUIREMENT (TITI.E): RVR &■ 5VR PAGE 1 OF 


2. TECHNOLOGY CATEGORY; Sansinq and Data AcguiRition 

3 . OBJECTIVE/ ADVANCEMENT REQUIRED: To develop a single ended technique 

for m easuriny runw;^y visual range (RVR) and slat visual range (SVR'. 


4. CURRENT STATE OF ART: No satisfactory technique exists. 


HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

From the ground a measurement (single-ended) of RVR and SVR is needed. 
Transmissometers and series of lights are not adequate, not representing 
conditions throughout the airfield area. Ceilometers give an indication 
of cloud ceiling, but nothing is available for glide path measurement 
of SVR. 


P/L REQUIREMENTS BASED ON: 0 PRE-A,Q A,0 B,0 C/D 
(5 . RATK )NALE AND ANALYSIS: 

Need for every airfield in the world. 


TO BE CARRIED 10 LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1 . TECHNOLOGY REQUIREMENTmTLE^; RVR & SVR PAGE 2 OF ..3 

7. TECHNOLOGY OPTIONS: 

None 


8. TECHNICAL PROBLEMS: 

1. Multiple scattering* 

2* Large optical depths* 

3. Eye safety* 

4* Representative measurement (e*g* due to patchiness)* 

y. POTENTIAL ALTERNATIVES: 

Possibly lasers working in eye-safe regions of spectrum (1*54ym) or low 
energies. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOU)GY ADVANCEMENT; 

RTOP #502-23-56-03 supported feasibility analysis* 

RTOP #505-00-22 is supporting continuation of work* 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Detectors at 1*54 ym with sufficient response and gain* 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TFCHNOl.Or.Y REQUIREMENT ITITLEL & SVR 

PAGE 3 OF , 2 __ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



SCHEDULE ITEM 

TECHNOLOGY 

1. 

Feas. Analysis 

2. 

Design &. Breadboard 

3. 

Field Measurement 

4, 

Fabrication 

5. 


APPLICATION 

1. 

Design (Ph. C) 

2. 

Devl/Fab (Ph. D) 

3. 

Operations 

4. 

1 






1.-5. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 


imaBWiMB 


1. ”MIE Scattering by Three Polydispersions,” by F • 5* Harris, Jr. and 

M. P. McCormick; Journal of Colloid and Interface Science, ^3^, pp. 
536-545, June 1972. 

2. ”Lidar Techniques for Pollution Studies,” by M. P. McCormick and 

W. H. Fuller, AIAA Journal J_l, pp« 244-246, Feb. 1 973. 


LEVEL OF STATE OF ART 

1. BASIC PHKNOMKNA OnSERVKD AND HE PORTED. 

2. THEORY FXMIM plated TO DESCRriiE PHENOMENA. 

3. THEOln TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT H’NCTION OR CHARACTERISTIC DEMONSTRATED, 

E.G.. MATERUL, C0^M'0^^;NT, ETC. 


а. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAHOR.\K>RY. 

б. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7, MODEL TESTED IN SP.XCE ENMRONMENT. 

8, NEW CAPAmLITY DLRI\T:D FROM A MUCH LESSER 

operational model, 

», RELIABILITY UPORADINO OF AN OPERATIONAL MODEL, 
10. LIFETIME EXTENSION OK AN OPERATIONAL MODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

- -" ^' ■-' ■-*- ' '' . —^— 1. i.iL '■ — ' ■ .. i». _■« — I 1 — I ig..i 

1. TECHNOLOGY REQUIREMENT (TITLE): Radiative Refrigeratio n PAGE 1 OF 3_ 

D,B,ai,gn 

2. TECHNOLOGY CATEGORY: Infrared Detector Refrigeration 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: _Increased sensitivity of infrared 

Rystfims_ u,qad in nrhital applicatiana fQ^ jramote sensing of _Bnvi.ronment. 


4. CURRENT STATE OF ART: Several designs for pas sive systems have been use d> 

but evaluations and design tasks have not been attempted for lack of ODDortun - 
ity. HAS BEEN CARRIED TO LEVE L ^ 

5. DESCRII>TION OF TECHNOLOGY 

The sensitivity of infrared detectors is dependent on the attainment 
and maintenance of very low temperatures - near liquid nitrogen. The 
practical approach to this requirement for long term missions is to 
utilize passive radiative refrigeration systems. The operation of these 
hinges on the temperature difference between outer space and the object 
requiring cooling. Several designs have been used in an attempt to 
accomplish the required results. These efforts have met with moderate 
success, A new system based on a comprehensive evaluation of current 
approaches concurrent with a design effort would provide increased 
infrared detection sensitivity. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B.D C/D 

(5 . UATK )NALE AND ANALYSIS: 

a. Currently used infrared detectors require temperatures in the range of 
80 degrees Kelvin, 

b. Development of this system would benefit satellite designs of the ERTS-c 
type. In some applications, the Themmatic Mapper would benefit, 

c. Present designs provide temperatures in the 195°K range with theoretical 
predictions down to about 100°K, Improvements would result in greater 
ground target thermal resolution, probably by an order of magnitude, 

d. This technology advancement should be carried to an experimental 
demonstration in an early Shuttle flight. 


TO BE CARRIED TO LEVEL 7 


! 


t ' 


4 


■ 4 ? 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 

1 . TECHNOLOGY REQUIREMENT(TITLE): Radiative Refrigeration PAGE 2 OF JL 

Jlfigion „ ■ - , ■ - - „ ■ — , 

7. TECHNOLOGY OPTIONS: 

The effectiveness of passive rc'^rigeration devices relate to the ability 
of the system to radiate into outer space# This is a materialsi as well as 
a geometry problem# It is proposed that a pallet of several designs be 
simultaneously evaluated in a modular/adjustment configuration permitting 
real-time interactive modifications# 


8 . TEC HNIC AL PROBLEMS: 

1# Thermal path between infrared detector and refrigeration system# 
2# Ability of system to radiate into outer space (Radiator Design)# 
3# Pointing of system into outer space# 


9. POTENTIAL ALTERNATIVES: 


Possibly using adsorptive pumping techniques using solar energy for power 
input in a conventional refrigeration cycle. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Current research by JSC for development of adsorption pumping techniques 
for use in cryogenic refrigeration purposes. 


EXPECTED UNPERTURBE D LEVEL 2 . 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Infrared detector technology, low temperature technology, remote sensing 
technology# 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 TRrHN 01 . 0 r,Y REQUIREMENT mTLE): Radiative Ref rigerc .on PAGE 3 OF 

Des.ian 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

00 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 
1* Analyses 

2. Mechanical &. Thermal 
Design 

3. Fabrication 
4^ Test 

5. Documentation 


— 

— 

— 
















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 




- 

















- 

— 




13. USAGE SCHEDULE: 



TECHNOLOGY NEED DATE 






L 











1 

mAL 

NUMBER OF LAUNCHES 






2 

3 

2 

1 









G 

14. REFERENCES: 
’’Infrared System Engi 

15. LEVEL OF STATE 01 

1, BASIC PHKNOMENA OBSERVED > 

2, THEORY CUMULATED TO DESC 

3, theory TKSl'KD DY PHYSICAL 

OR NUTHEMATICAL MODEL. 

4, PERTINENT Y UNCTION OR CJIAI 

E.C., MATERUL, COVPO.NEf 

nee 

' AI 

LNDH 
TUBE 
EX PE 

lACTl 
<T, E 

ring” by Richard D. Hudson, Jr* 1969* 

e. COM^X)NFNT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAIORY. 

EPORTED. 0, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

PHENOMENA. T, MODEL TES^rED IN SPACE ENVIRONMENT. 

RIMENT 8. NEW CAPAHIUTY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

ERISTIC DEMONSTRATED. 8, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 

TC. 10. LIFETIME EXTENSION OF AN Ol LRATIONAt. MODEL, 



'j«C 

\ 

i 

V, 

% 




I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


i. TECHNOLOGY REQUIREMENT (TITLE): Coherent Detection. 

Optical and Acoustical Homoidvriinq Techniques 


PAGE 1 OF 


2. TKrnNOI.O(^,Y CATEGORY: Lex/el ? & 3 Coherent Detection, 


3. OBJECTIVE/ ADVANCEMENT REQUIRED: Develop reliable laser & acoustical c o- 
herent detection systemc for remote probing, (Acoustical for the remote non-des- 
t ructive probing of astronauts.* cardiovaRnul 


ar gys-hRmR in . 1 


uring particle velocities in Shuttle environment &, eventually on surfaces of 
n 4:hRr s^ar bodies,. 7 


■1. CURIIENT STATE OF ART: Off the Shelf coherent laser systems for measuring 

I j article velocities are presently available but have severe limitations. suit ^ 
able off the ^KeXf coherent acoustical systems HAS BEEN CARRIED TO LEVEL 1 


are pre.seatly. available i 


o . 


DESCRIFTfON OF TECHNOLOGY 


Coherent detection of tracer velocities to describe fluid motions appears to 
have great potential for monitoring and measuring contaminate flows, fluid 
velocities, and blood flow (non-surgical, non-destructive remote measurement 
of blood flow velocities in cardiovascular systems). Laser systems along with 
the theoretical backup could provide a mi ans of continuously measuring surface 
winds on suitable solar bodies, as well as particle concentration and distri- 
bution within the Shuttle, Development of specialized laser systems for these 
purposes is presently feasible. Continuous multipoint coherent acoustical 
systems for non-destructive penetration and measuring of blood flows is not 
presently available but the necessary technology is available and appears 
promising to perform exploratory and phase A feasibility studies. 


P/L REQUIREMENTS BASED ON; 0 PRE-A.O A,D B.D C/D 


<). MATK )N'Al.K AND ANALYSIS: 


A,C) Non-surgical, non-destructive medical surveillance of the astronauts* 
cardiovascular systems, aerosol behavior within t^te Shuttle and the 
measuring of surface winds on solar bodies with atmospheres and accessi- 
bility for implantation of an instrument package are all of high 
scientific value and interest. 


D) 


This technology advancement would need a phase A study followed by 
design and fabrication. Spin-offs to the private sector for all these 
systems could be tremendous in the areas of medical research and 
environmental safety. 


TO BE CARRIED TO LEVEL 7 


i . 


5 ? 




i % 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT(TITLE): Coherent Detection PAGE 2 OF JL 

7. TECHNOLOGY OPTIONS: 

At the present time there appears to be no suitable non-destructive, remote 
technique t-^ perform the functions outlined in paragraphs 5 and 6, 


8. TECHNICAL PROBLEMS: 

1. Development of suitable trackers for signal tracking and analyses of laser 
systems would be required. (Trackers presently available but would 
have to be modified and upgraded). 

2. Suppression of surface noise would be required as well as development of 
a multichannel receiver for the acoustical system# 


D. POTENTIAL ALTERNATIVES: 

There appears to be no suitable alternative to perform the functions described 
in paragraphs 5 and 6. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

The development of the above described systems is not presently funded. 
Advancement in the state of art will be slow if NASA expends no special 
effort in this area. 


expected UNPERTURBED I.F,VEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Coherent Laser Detection Technology 

Coherent Acoustical Detection Technology 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1. TECHNOLOGY REQUIREMENT /TITLED; Coherent P e-hBction 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1 . 

2 . 

3. 

4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 


L). USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF I AUNCHES 


TOTAL 


14. REFERENCES: 

1, Cliff, W, C., Laser and Acoustic Doppler Techniques for the Measurement 
of Fluid Velocities, NASA TMX-64932, May 1975. 

2, Histand, M. B., Miller, C. W., McLeod, F, D., Transcutaneous Measurement 
of Blood Velocity Profile and Flow, A ud.io vascular Research, Vol, 7, 1973. 

3, Cliff, W, C. and Huffaker, R. M,, Application of a Single Laser Doppler 
System to the measurement of Atmospheric Winds, NASA TMX-64891, Oct. 1974 


15. LEVEL OF STATE ART 


1. BASIC PHKNOMtNA OBSEnVi:D AND BrrORTEO. 

2. THEORY fOHMIilATED TO DESCRIBE PHENOMENA. 

3. theory tested by physical EXPERIMENT 
OR MATHEMATICAL MODE!,. 

pertinent unction oh characteristic demonstrated. 

E.C., MATERIAL, COV PON ENT, ETC. 


4 . 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

BNVIHONMENT IN THE LABORATORY. 

MODEL TESTED IN AJRCRA>T ENVIRONMENT. 

T, MODEL rtSXtV IN SPACE EN\nROS,MENT. 

I. NEW CAPAHILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

B. REUAMUTY UPGRADING OF AN UPCRATK>NAL MODEL, 
10. UFETIME EXTENSION OF AN OrLRATIONAt. MODEL. 
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DEFINITION or TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Superconducting.. _ PAGE 1 OF 

Instrumentation and Sensors 

2 . TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Develop superconducting quantum 

electronic instruments and circuit components for NASA applicat ions; _ analog 

and digital devices; D*C« thru far IR; computer memories; at al> 

4. CURRENT STATE OF ART: Generally as stated : n the attached review paper 

by Kamoer (IEEE TransRctions on MagneticR^ Val MAG^ll^ I\Iq^ 1975). 

HAS BEEN CARRI ED TO LEVEL _ 

5. DESCRIPTION OF TECHNOLOGY 

A wide variety of important sensors, signal generators, mixers, digital 
devices, computer mbmory elements, magnetic shields, etc# have been 
suggested and many have been carried to the stage of practical application 
(e*g* Josephson Junction magnetometers are available commercially). They 
employ the Josephson effects, the properties of bulk superconductors, ox 
both and operate with sensi tivxtes, selectivities, efficiencies, and noise 
levels usually much better than their conventional counterparts* Their 
application in advanced scientific flight experiments will be required in 
many instances (mission driven) and desirable in others (opportunity driven). 


P/L REQUIREMENTS BASED ON; □ PRE-A ,P A.Q B.Q C/D 

fi > , ‘ )N A L K AND ANALYSIS: 

''' ,rievB required performance, many advanced scientific flight missions, 
sue’; as gravitational, infrared, and cosmic radiation experiments, will be 
dependent on operation at temperatures of a few degrees Kelvin (dimensional 
stability, low noise) and on the use of superconductors (low magnetic fields, 
high sensitivity measurements, strong magnetic fields). Thus they will carry 
liquid helium cooling systems into space. 

Consequently! in addition to primary experiment equipment (cryogenic gyro - 
scopes, infrared sensors, superconducting magnets) employing superconducting 
te,:hniqu8s (many of which still require considerable development), there will 
be an opportunity to utilize secondary electronic systems (communication 
devices, computer memories, and digital circuitry, on-board calibration 
standards) using superconductivity. UA5A-0AST should actively pursue this 
development. . 


TO BE CARRIED TO LEVEL 












DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TECHNOLOGY REQUIREMENT/TITl.Ek Superconducting PAGE 2 OF 

Instrumentation and Sensors 
7. TECHNOLOGY OPTIONS: 

For many adyanced scientific missions no options exist at present for primary 
sensors. Conventional techniques are often adequate for secondary apparatus. 
It will probably devslop that for flight systems in which a liquid helium 
env;lronment is available, some secondary superconducting devices will prove 
to be so superior to conventional ones that their use will be demanded. 


8. TECHNICAL PROBLEMS: 

Research is still in its youth. Many applications of value to NASA have been 
demonstrated on a laboratory basis but must be raised to a more mature 
application level. Others have already been made commercially successful. 
Some have only been suggested, and surely lany ideas have not yet appeared. 


y. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


EXPECTED U NPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Liquid helium refrigeration systems (closed loop refrigerators or open loop 
storage dewars ) must be developed fOr space. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TKrHNOl Or.Y RKQTITREMFNT mTT.E): Superconductinc 

3 PAGE 3 OF 



in■c;-^,rnmgnr;^T.lnn ann np.nanr.s - - ■ , 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . 



APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4 . 


i:). USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: ! 

!• Kamper, R* A,, “Review of Superconducting Electronics”, IEEE Transactions 
on magnetics, Vol, Mag-11, March 1975, pg« 141. 

2# Numerous papers on all aspects of applied superconductivity in the above 
referenced journal, which is devoted to the proceedings of the 1974 
Applied Superconductivity Conference. 



LEVEL OF STATE OF ART 

' . BASIC PHIlNOMLNA OaSERVKD AND RErOHTED. 

THEORY K'»IMULATED TO DESCIHDK PHENOMENA. 

3. TOEoriY TKSii.D DY PHYSICAL EXPERIMENT 

or. MATHEMATICAL MODFL. 

4 . PEHTIM.NT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 

E.G., MATEUUL. COVPONENT, ETC, 


5. COMPONF!lT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAWRY. 
e. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SP.’.CE ENMRONMENT. 

$. NEW CAPAUMTY DERm:D FROM A MUCH LESSER 

operational model. 

», RE LIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OI LRATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Plasma Probe PAGE 1 OF 3 


2. TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Measure solar wind plasma parameters 

accurate ly beyond 8 astronomical units from sun. 


4. CURRENT STATE OF ART: Solar wind plasma using current techniques has 
parametera, particularly heat flow, which are not as well determined as 

dfi-virprl hayond B aatronomical un its from LEVEL 2 _ 

5 . DESC RIPTION OF TEC HNOLC'G i 

Solar winci ions and electrons are energy analyzed to give solar wind plasma 
parameters: speed, flow direction, parallel and perpendicular temperatures, 

heat flow, and higher order moments of the velocity distribution. 


P/L REQUIREMENTS BASED ON; PRE-A.n A,n B,n c/d 
«. UA TION A l.K AND ANALYSIS: 

a. Current plasma probes use electrostatic fields for energy analysis and 
electrometers or channel multipliers for detection. 

b. To perform more accurate rreasurements beyond 8 astronomical units from 
the sun, new configurations of electrostatic fields and electrometers 

or particle detectors, or new methods of energy analysis and/or particle 
detection must be utilized. 


TO BE CARRIED TO LEVEL 9 









DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE) : _ 

Plasma Probe 

PAGE 2 OF 


7. TECHNOLOGY OPTIONS: 

A very large instrument, scaled up from those used closer to the sun than 0 
astronomical units, could provide larger fluxes of solar wind particles to 
the detectors used. 


6 . TEC HNIC AL PROBLEMS: 

In more general terms than the wording of Item 7 above, the decreased solar 
wind flux far from the sun must have accurate measurements made of moments 
of the velocity distribution with minimal instrument weight, power and special 
pointing requirement. 


9. POTENTIAL ALTERNATIVES: 


Use of a large, relatively heavy, scaled up instrument. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


Instrument development and refinement work. 


EXPECTED UNPERTURBED LEVEL q 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Energy/Velocity/Analysis of Charged Particles 


4 
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DEl’IxNITION OF TEriiNOLOGY REQUIREMENT NO. 

1 TECHNOLOGY REOUirtEM ENT fTITLEl: . Plasma Probe . PAGE 3 OF 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 

m 



B!i 

Q| 

Hill 

91 

HSI 

H8 

Bll 


IBI 

91 

M 


M\ 

91 

9 

9 

TECHNOLOGY 

Study Concepts of 
Instrument 

-• Design Breadboard 

3, Fabricate Model for 
Test 

Laboratory Testing 

5. 


— 








— 










APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 





















13. USAGE SCHEDULE; 



TECHNOLOGY NEED DATE 

















1 

'OTAL 

NUMBER OF LAUNCHES 


Nc 

He 

L 

aur 

iche 

3 F 

Lar 

lec 










14. REFERENCES: 

15. LEVEL OF STATE OF AI 

1, BASIC PHENOMENA OBSERVED AND H 

2. THEORY FORMULATED TO OE.SCHIBE 

3. rHEORY TESTED BY PHYSICAL EX PE 

OR mathematical model. 

4 , PERTINENT FUNCTION OR C'HARACTI 

E.C., MATERLU., CO^’PO^^:NT, E 

IT 

EPORTED 

PHENOME 

KIMENT 

:ristic DF 

TC. 

8 . COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAIORY, 

6. MODEL tested IN AIRCRAFT ENVIRONMENT. 

NA. 7. MODEL TESTED IN SPACE ENMRONMENT. 

8 , NEW CAPAiai-m' DERUTD FROM A MUCH LESSER 
operational MODEL. 

MONSTRATED, 9. RELURILITY UPGRADING OF AN OPERA THWI MODEL, 

10. LIFETIME EXTENSION OF AN Ol’LRATlONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Airborne Detector for PAGE 1 OF 3 

Trace Radicals CLP. OH « 0, in the Stratosphere 


2. TECHNOLOGY CATEGORY: 


o. OBJECTIVT/ADVANCEMENT REQUIRED; A technique to measure the minor trace 


1. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 


In pollution studies of stratosphere the radicals CLO^ OH, and 0 occupy a 
position of critical importance because the catalytic reactions they partake 
in control the ozone radiation shield of the Earth. Measuremerts of 0 have 
been made in the upper stratosphere using resonance lamps and measurements 
of QH and CLO are being attempted in the near future using the same technique? 
Initial research efforts on laser-induced resonance fluorescence techniques 
in the laboratory are in progress to identify appropriate spectral bands and 
prove feasiblity of the approach in the flight environment. 


P/ L REQUIREMENTS BASED ON; □ PRE-A.D A,D B,D C/D 

(5. UATIONAI.K AND ANALYSIS: 

a. The laser is a spectrally pure tunable source of high intensity UV 
radiation, ideally suited to producing the resonance fluorescence 
spectra needed to make measurements of minor atmospheric constituents. 

b. Interferences from competing resonances from differenct species are 
easily avoided because the laser can be tuned. 

c. One laser and several photodetectors can be used to detect multiple 
species in the same instrument. 


TO BE CARRIED TO LEVEL 


277 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENTmTLEk Airhnmp PAGE 2 OF 

7, TECHNOLOGY OPTIONS: ~~ 

Resonance lamps have been developed for Q and OH. Efforts to develop a 
system using them. 


8. TECHNICAL PROBLEMS: 


No laser currently exists that is small enough or reliable enough for 
aircraft instrumentation. 


y. POTENTIAL ALTERNATIVES: 

Using individual sensors with resonance lamps if such can be developed for 
the species of interest. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The problem will not be solved without Government support because it has 
little immediate commercially bene*i . oial output. NSF end NASA are the most 
likely agencies for controlling researchers in industry and academia. 


EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS; 


Smallf reliable portable tunable laser source for UV radiation 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) ; . 


PAGE 3 OF 


12 . TECHNOLOGY REQUIREM ENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

TECHNOLOGY 

1. Analysis 

2. Background Measure. 

3. Laser Development 

4. Prototype System De. 

5. Flight Development 

Test 

APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) _ 

3 Operations 

Improved Systems j 

Li. USAGE SCHEDULE: 

1 1 1 1 — 1 1 1 1 1 1 1 1 1 1 1 

TECHNOLOGY NEED DATE TOTAL 

NUMBER OF LAUNCHES | 

14 REFERENCES: 

"Detection of OH in the atmosphere using a Dye Laser" E. L. Baardses and 
R, W. Terhune, Applied Physicr Letters, Vol. 21, IMo, 5, Sept, 1 972, 

"Measurement of Hydroxyl Concentration in Air Using A Tunable UV Laser Beam” 
j Charles C, Wang and L. I, Davis, Jr,, Physical Review Letters, Vol, 32, No. 7, 

Feb, 1974, 


TOTAL 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMKNA OlVflERVKD AND HEPORTED, 

2. THEORY ^'OllMUl^TEI) TO OESCKIBE PHENOMENA. 

3. THE<i;n TKSTEO BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODF!.. 

4. PERTINENT EfNCTlON OH CHAIUCTEmSTIC DEMONSTRATED, 

E.C., MATEUUL, COV PON ENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORAIORY. 

6. MODEL tested IN AIRCRAFf ENVIRONMENT. 

7. MODEL TESTED IN SP.ACE ENVHRONMENT. 

B. NEW CAPABIUTY DERIVED FROM A MUCH LE.^ER 
OPERATIONAL MODEL. 

B. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN Ol'LRATiON.VL MODEL. 


4 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): IR Detector Silicon PAGE 1 OF 3 

Surface Bflxriex Jetfiatox. with, Small Ssnaitlvn VolumR 

2 . TECHNOLOGY CATEGORY: 

:j. OBJECTIVE/ ADVANCEMENT REQUIRED! Prepare silicon surface barrier detec t- 
or vvith apprr^iinatel.v cubical sensitive valure and acceptably low noi^e and 
high resolution. Should be totally depleted^ 

L CURRENT STATE OF ART: Silicon surface barrier detectors with ; i we 


_ volume of 2x5x 5mmf totally depleted 

will have less noise. - 

5. DESCRIPTION OF TECHNOLOGY 


J^ith anrpp-hahiR gmallp- tmp 

HAS BEEN CARRIET TO I LVEL ^ 


For simplest eiergetic trapped particle experiment for probes into outer 
planet atmospheres, an approximately cubical sensitive volume totally de- 
pleted silicon surface barrier detector would be required. This sensitive 
volume is readily available with lithium drifted silicon detectors whxch have 
been used for many years with such detectors in earth orbit. The outer 
planet atmosphere probe will require passive storage in space for at least 
two years and the lithium drifted detectors would require biasing during this 
time for reliable operation. Biasing would be difficult to provide in the 
probe. The surface barrier detectors would not require biasing. 


P/l. REQUIREMENTS BASED ON: □ PRE-A.Q A,EJ B.D C/D 
(). UATION ALE AND ANALYSIS: 

a. The simplest energetic trapped particle experiment for probes into outer 
planet atmospheres requires a silicon detector with a large cubical volume 

b. Presently used detectors with these volumes are lithium drifted units. 

c. For the two year minimum storage time required for outer planet atmosphere 
probes, reliable operation is not expected with unbiased lithium drifted 
detectors. 

d. Surface barrier detectors if made with a totally depleted large sensitive 
volume and acceptable nnise and resolution would be compatible with this 
experiment outer planet atmosphere probes. 


REPRODUCBiun 

OWOINAI. PW* » POOR 


TO BE CARRIED TO LEVEL 8 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 
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-;^EMENt (TITLE) 


IR netectojL 


1 m 11 111 ill 


9^ Dstsctor 
3 , Detector 


Lab-Checkoi 


appucation 111 

1. Design (P^* ^ 1 \ 1 

1 2. Devl/Fab (Ph- “> 1 1 

1 3. Operations 1 1 

rrET lWOT^^ 

rEFKHES^CES: 

1 Outer planet atroospheric 

°;trBaaea.cb Canter. 


total! 


entry probe-tStte. 


descrip 


iotion, JclVi 


msh- 


- ^ V VEL OF STATE OF ART 

la. LE VL Li ,viktv.d . 

. B,VSir PHEN^Mt NA ^'''"^0 m aT.' W- VUINOMF-^^A. 
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